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PREFACE TO VOLUME III 


rPHE present volume continues the theory of series begun in Volume II, 
“*■ and then proceeds to the theory of measurement. Geometry we have 
found it necessary to reserve for a separate final volume. 

In the theory of well-ordered series and compact series, we have followed 
Cantor closely, except in dealing with Zermelo’s theorem (*257—8), and in 
cases where Cantor's work tacitly assumes the multiplicative axiom. Thus 
what novelty there is, is in the main negative. In particular, the multi¬ 
plicative axiom is required in all known proofs of the fundamental proposition 
that the limit of a progression of ordinals of the second class (i.e. applicable 
to series whose fields have N 0 terms) is an ordinal of the second class (cf. *265). 
In consequence of this fact, a very large part of the recognized theory of 
transfinite ordinals must be considered doubtful. 

Part VI, on the theory of ratio and measurement, on the other hand, 
is new, though it is a development of the method initiated in Euclid Book V 
and continued by Burali-Forti* Among other points in our treatment of 
quantity to which we wish to draw attention we may mention the following. 
(I) We regard our quantities as in a generalized sense “vectors,” and 
therefore we regard ratios as holding between relations. (2) The hypothesis 
that the vectors concerned in any context form a group, which has generally 
been made prominent in such investigations, sinks with us into a very 
subordinate position, being sometimes not verified at all, and at otlmr times 
a consequence of other more fruitful hypotheses. (3) We have developed 
a theory of ratios and real numbers which is prior to our theory of measure¬ 
ment, and yet is not purely arithmetical, i.e. does not treat ratios as mere 
couples of integers, but as relations between actual quantities such as two 
distances or two periods of time. (4) In our theory of “ vector families,” 
which are families of the kind to which some form of measurement is 


* Cf. Peano’a Formulaire, i. (1895;, pp. 28—57. 
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applicable, we have been able to develop a very large part of their properties 
before introducing numbers; thus the theory of measurement results from 
the combination of two other theories, one a pure arithmetic of ratios and 
real numbers without reference to vectors, the other a pure theory of vectors 
without reference to ratios or real numbers. (5) With a view to geometrical 
applications, we have devoted a special Section to cyclic families, such as the 
angles about a given point in a given plane. 

The theory of measurement developed in Part VI will be required in the 
next volume for the introduction of coordinates in Geometry. 

We have to thank various friends for their kindness in bringing to our 
notice mistakes and misprints noted in the Errata, both in this and in 
previous volumes. 


A. N. W. 

B. R. 


15 February 1913 
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SECTION D. 


WELL-ORDERED SERIES. 

Summary of Section I). 

A “ well-ordered ” series is one which is such that every existent class 
contained in it has a first term, or, what comes to the same thing, one which 
is such that every class which has successors has a sequent. We will call a 
relation in general well-ordered if every existent class contained in its add 
has one or more minima. Then a well-ordered series is a series which is a 
well-ordered relation. 

Well-ordered series have many important properties not possessed by 
series in general. A well-ordered series is Dedekindian, except for the fact 
that it may have no last term ; i.e. every section having a last term is 
Dedekindian. A well-ordered series which is not null has a first term, and 
every term of the series (except the last, if there is one) has an immediate 
successor. A very important property of well-ordered series is that they 
obey an extended form of mathematical induction, which we shall call 
“transfinite induction,” namely the following: If <r is a class such that the 
sequent (if any) of any class contained in <r and in the series is a member of 
<r, then the whole series is contained in er. (It will be observed that A is 
contained in er, and therefore, by *20614, B t P is a member of <r.) This 
differs from ordinary mathematical induction by the fact that, instead of 
dealing with the successors of single terms, it deals with the successors 
of classes. A closely analogous property, which holds for all well-ordered 
relations, whether serial or not, is the following . If <r is a class such that, 
whenever P t x C <r, where x is any member of C‘P, x itself belongs to <r, then 
C‘P C<r. If P is well-ordered, this property holds for all <r’s ; and conversely, 
if this property holds for all ers, P is well-ordered. Hence this property 
is equivalent to well-orderedness. 

If P is a well-ordered series, min> selects one term out of each member 
of Clex'OP. Hence C‘P, which is miu P “Cl ex'C'P, is a member of the 
multiplicative class of Cl ex‘C‘P ; hence the multiplicative class of Cl ex‘C‘P 
exists, and therefore the multiplicative class of any class contained in 
Cl ex‘C*P exists (by *88'22). It follows that if s*tc can be well-ordered, and 
A the multiplicative class of k exists; and that, if every class can be 

r. & w. in. 
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well-ordered, the multiplicative axiom holds. The converse of this latter 
proposition also holds, as has been proved by Zermelo (cf. *258). 

Another important set of properties of well-ordered series results from 
*208’41 if. Two ordinally similar well-ordered series can only be correlated 
in one way ; and no proper section of a well-ordered series is ordinally 
similar to the whole series. (A “proper” section is a section not the 
whole.) 

From the uniqueness of the correlator of two similar well-ordered series, 
it follows that all the uses of the multiplicative axiom in *164 can be avoided 
if the fields of the relations concerned consist of wt dl-ordered series. I.e. 
taking *164‘45, which is the fundamental proposition in this subject, we 
have, without assuming the multiplicative axiom, 

P,Qe Rel ! excl. D : g ! P sinor Q n Rl'smor . = . P smor sraor Q, 

whenever C C P and C‘Q consist of well-ordered series. Hence, under this 
hypothesis, the multiplicative axiom disappears from the hypotheses of all 
the consequences of *16445. 

Ordinal numbers (*251) are defined as the relation-numbers of well- 
ordered series. (This definition is in accordance with usage: otherwise, there 
would be no special reason against defining “ ordinal numbers ” as the 
relation-numbers of series in general. The relation-numbers of series will 
be called serial numbers .) Sums of an ordinal number of ordinal numbers 
are ordinal numbers, but products of an ordinal number of ordinal numbers 
are not in general ordinal numbers. The product of an ordinal number of 
serial numbers is a serial number, and the product of an ordinal number (not 
zero) of ordinal numbers other than zero is not zero, i.e. a product of ordinal 
numbers, in which the number of factors is an ordinal number, does not 
vanish unless one of the factors vanishes. (For relations in general, the 
corresponding proposition requires the multiplicative axiom.) If v is an 
ordinal number, and fx is any serial number, /iexp r i> (i.e. jx v as it would 
naturally be called) is a serial number; but if ft>l, jx exp r v is not an 
ordinal number unless v is finite. 


The theory of sections and segments (*252, *253) is much simplified for 
well-ordered series, owing to the fact that every proper section has a sequent. 

Proper sections are identical with proper segments, and both are identical 
—► —» 

with P“C ( P, The series of sections, $‘P%, is PiP-\*C‘P. The series of 

segments, $‘P, is P’P or P>P-f»OP according as there is or is not a last 

term of C l P.- The series of sectional relations, P t , is P£JPJP £ CPP-f* P ; 

its domain is P£“P“(7‘P, and its field is P^ U P“C ( P \j PP. If 

xeC f P, P£P‘a? is never similar to P. 
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The theory of greater and less among well-ordered series and ordinal 
numbers is dealt with in *254 and *255. Cantor has proved, by means of 
segments, that of any two different ordinal numbers one must be the greater. 
This is proved by showing that of any two well-ordered series which are not 
similar, one must be similar to a segment of the other. We define an 
ordinal number a as less than another f3 if series P and Q can be found such 
that P is an a and Q is a /3 and P is similar to some relation contained in Q, 
but not to Q . It can be proved that all the ordinals less than Nr‘Q belong, 
one each, fo the proper segments of Q. Hence to say that the ordinal 
number of P is less than that of Q is equivalent to saying that there is a 
proper segment of Q to which P is similar. 

\Vhen two series have the same ordinal, they also have the same cardinal, 
in virtue of *15118, but the converse does not hold. When the cardinal 
number of one series is greater than that of the other, so is the ordinal 
number. When two classes can be well-ordered, any well-ordering will make 
the one class similar to a part of the other, or the other similar to a part of 
the one, in virtue of the properties of segments of well-ordered series. Hence 
of two different cardinals each of which is applicable to classes which can be 
well-ordered, one must be the greater—a property which cannot be proved 
concerning cardinals in general. 

In *256 we deal with the series of ordinals in order of magnitude. We 
show that this is a well-ordered series, and that the series of all ordinals of 
a given type has an ordinal number which is greater than any of the ordinals 
of the given type. This constitutes the solution of Burali-Forti’s paradox 
concerning the greatest ordinal : there is no greatest ordinal in any one 
type, and all the ordinals of a given type are surpassed by ordinals of higher 
types. 

*257, *258 and *259 deal with “ transfinite induction ” and its appli¬ 
cations, of which the most important is Zermelo’s theorem, namely, 

*258*34. h:.ju~6l.D:Se e A ‘Cl ex‘/j ,. = . 

(gP) .PeQ. G ( P = fi.S- mini, f Cl ex'> 
where II is the class of well-ordered series. This proposition leads to the 
following: 

*258 36. h : jm e u 1. = . g 1 e A ‘Cl ex*/* 

I.e. a class can be well-ordered or is a unit class when, and only when, a 
selection can be made from its existent sub-classes. Hence we arrive at 
*258*37. h : Mult ax . = . w 1 = Cls 

I,e. the multiplicative axiom is equivalent to the assumption that every class 
can be well-ordered or consists of a single member. 

The proof of Zermelo’s theorem uses an extension to transfinite induction 
of the ideas of *90 and *91, which is explained in *257. 



*250. ELEMENTARY PROPERTIES OF WELL-ORDERED SERIES. 
Summary of *250. 

A relation is called “ well-ordered ” when every existent sub-class of its 
field has one or more minima. A well-ordered series is defined as a well- 
ordered relation which is a series. We shall denote the class of well-ordered 
relations by ‘‘ Bord,” which is an abbreviation for “ bene ordiuata ” or “ bien 
ordonn^e.” The class of well-ordered series will be denoted by XI. Thus 
our definitions are 

Bord * P (Cl ex‘(7‘P C (Frainj.) Df, 

Cl = Ser n Bord Df. 

Well-ordered relations other than series will be seldom referred to after the 
present number. 

By applying the definition of “ Bord ” to unit classes, it appears that a 
well-ordered relation must be contained in diversity (*250104). A well- 
ordered relation is one whose existent upper sections all have minima 
(*250102). Hence by *21117, 

*250103. f- : P € Bord . = . P^ e Bord 

Hence by *250104, 

*250105. hPe Bord .D.P^CJ 

By considering couples, it can be shown (*250111) that a well-ordered 
relation in which no class has more than one minimum is connected ; hence 
by *20416 and *250105, it is a series. Thus we have 

*250125. f-: PeXl - = - E!! minj/‘Cl ex'C'P, 

I.e. a well-ordered series is a relation such that every existent sub-class 
of the field has a unique minimum. This might have been taken as the 
definition of Cl. 

By the definition of d we have 

*250121. h P e Cl . = : P e Ser : a C C‘P . g ! a . D a . E ! min P ‘a : 

= : Pe Ser : a ! a n C‘P . D a . E ! min p *a 
Applying this to C‘P we have 
*25013. (-:Pen-t‘A.D.E!£‘P 
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We have also 

*250141. b: Pett.D . P £ a e H 

*250 17. 1- P, Q e ft - t‘A . D : P smor Q. = . P £ (FPsraor Q £ d‘Q 

This proposition justifies the subtraction of i from the beginning, and is 
useful in the theory of segments of well-ordered series. 

We have next (*250'2—243) an important set of propositions on P, when 
P e H. The most useful of these is 
*250-21. b : P e n . D . D‘P = D‘P, 

I.e. in a well-ordered series every term except the last (if any) has an 
immediate successor. (It is not in general the case that every term except 
the first has an immediate predecessor.) Another useful proposition is 
*250242. b:Pen.D.P = P 1 c/P 1 |P 

The next set of propositions (*250"3—362) is concerned with “trans- 
finite induction.” We have 

*250 33. b . U = connex n P {a C C‘P a a . . seq P ‘a CuO,. C‘P C a] 

I.e . a well-ordered series is a connected relation P such that the whole field 
of P is contained in every class <r which is such that the sequent (if any) of 
every sub-class of 0‘P r> <r is a member of a. 

*250 35. b . Bord = P \x 'e C‘P . ~P‘x C o-. D x . x e : Z), . C‘P C «r} 

I.e. a well-ordered relation is a relation P whose field is contained in every 
class a- which contains every member of G‘P whose predecessors are all 
contained in cr. We may say that a property is “ transfinitely hereditary ” 
in P if it belongs to the sequents of all classes composed of members of C‘P 
which possess the property. In virtue of *250'33, if P is well-ordered) 
every transfinitely hereditary property belongs to every member of C‘P, and 
conversely. 

Our next set of propositions (*250'4—"44) is concerned with A and 
couples. We prove that AeH (*250‘4) and that x^y.D.xlyeCl 
(*250-41). 

*250-5—-54 are concerned with selections. We have 

*250-5. b : P e n . D . 

min P I* Cl ex‘(7‘P e e A ‘Cl ex‘C‘P . t‘(7 f P = Prod'Cl ex'C^P 

whence 

*250 51. b : a e C“Il . D . g ! e A ‘Cl ex‘a 

Observe that C“Q is the class of those classes that can be well-ordered. 
From *250-51 we deduce 

*250-54. b : w 1 = Cls . D . Mult ax 

The converse, which is Zermelo’s theorem, is proved in *258. 
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*250*6—'67 are concerned with consequences of *208. We show that 
two well-ordered series cannot have more than one correlator (*250*6) ; that 
if P is a well-ordered series, and jf? is contained in a proper section of P, 
P£yS is not similar to P (*250*65); and that if P is any well-ordered 
relation, and a is any class such that there are terms in C‘P which are later 
than any member of a n C*P, then P is not similar to P £ a (*250*67). 


*250*01. Bord = P (Cl ex‘C‘P C G‘min P ) Df 

*250 02. H = Ser n Bord Df 

*250*1. 1 -i Pe Bord . = . Cl ex‘C‘P C G‘min P [(*250*01)] 

*250*101. (- P e Bord. = : g ! a n C*P. . g ! min p ‘a [*2501. *205*15] 

*250*102. (- : P e Bord . = . sect'P — p A C G‘minp 
Dem. 


1- . *250*1. D h Pe Bord . O . sect ‘P — t‘A C G*min P (1) 

1-. *20519 . D (-. min (P po )‘a = min (P^P^'a 

[*205*68] = minp‘P#“a (2) 

h . *90*331. *211 13 . Z> h : g ! a a C‘P . D . P#“a e sect‘P -PA (3) 
h . (3). D h sect'P — PA C G‘inin P . D : g ! a n C‘P . D*. g ! minp‘(P # “a) 
t( 2 )] • 3 i min (P^Y* • 

[*205*26] D tt . g ! min p ‘a : 

[*250*101] D: Pe Bord (4) 

h . (1) . (4) . D h . Prop 

*250*103. 1 iPe Bord . = . P^ e Bord [*250*102 . *211*17] 

*250 104. KBordCRPJ 

Dem. 


1- . *250*1 . D 1 - 1 P e Bord . x e C‘P .D.xe min P ‘px . 

[*205*194] D . ~ (xPx ): D 1- . Prop 

*250105. l-rPeBord.D.PpoC/ [*250*103*104] 

*25011. h:Pe connex .D:.Pe Bord . = : g[! a n C‘P . . E I minp‘a : 

= : a C C*P . g ! a. . E ! minp'a 

[*2501101 . *205*32] 

*250*111. h. Pe Bord .D:Pe connex . = . minp el—*' Cls 
Dem. 

K *2501 . *711 . D 

I":: P e Bord .minp e 1 —* Cls . D .r, y e C‘P . D : (Px w Py) — P“(i‘x w py) e 1: 

[*54*4] 3 ! Px v Py _ P if (Px v Py) = Px . v . 

Pxu Py-P“(PxuPy) = Py (1) 
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L(l).Dh:.Pe Bord . minp e 1 —► Cls .x,ye G l P . #4=2/. D: 

y € P“{i‘x w I'y) .v.xe P“(i‘x w i‘y) : 
[*250104] D : xPy . v . yPx (2) 

. (2) . *202103 . D b : P e Bord . minp e 1 — * Cls .D.Pe connex (3) 

K (3). *205-31.31-. Prop 

*250112. 1-:P e connex r\ Bord . = . E !! minp“Cl ex‘(7‘P 
Dem. 

1- _ *250 1-111 . D 

: P e connex n Bord . = . minp e 1 —► Cls . Cl ex‘C‘P C (Fminp . 
[*71-16] = . E!! min/‘CBniinp. Cl ex'C'P C CPminp. 

[*2051516] = . E !! minp“Cl ex‘C‘P : D h . Prop 

*250113. 1- . connex n Bord = fl 
Dem. 

f- . *204*1 . (*250 02) . D K H C connex n Bord (1) 

1-. *250105 . D h : P e connex n Bord . D.Pe connex . P^ G J . 
[*204*16] D. P e Ser (2) 

1-. (2). (*250*02) . D I-: P e connex n Bord . D . P e O (3) 

I-. (1) , (3) . D 1- . Prop 

*250*12. hPefl.E.PeSer r> Bord [(*250*02)] 

*250*121. h:*Pen. = :Pe Ser : a C C‘P . g ! a. D„ . E ! minp'a : 

= : P e Ser : a ! a a C*P . Z> tt . E ! min P ‘a [*250*12*11] 

*250*122. 1-P e ft . - : P e Ser : a ! C‘P n p‘P“(a n C‘P) . . E ! seq P ‘a 

Dem. 

K *206*13. *250*121.3 

1-P e II. D : P e Ser : g 1 C‘P*p‘P '“(a n <7‘P). D* ■ E ! seq P ‘a (1) 
1-. *204*62 . D 

1-: P e Ser. a ! « ^ C‘P . D . g ! C‘P n p f P“p‘P“(a r\ C ( P). 

[*40*62] D . a ! G { P n pGP tf {C f Pr\p‘~P i ‘(aryG t P)\ (2) 

1-. (2) . *10*1. D 

1-P e Ser : a ! C‘P n j»‘P“(a a C f P) . D a . E ! seq/ct : D : 

a ! a A C‘P . D a . E ! seqp‘{C"P n j9‘P“(a n C'P)}. 
[*206*131*54] D a • E ! minp'a : 

[*250*121] D : Pe{l 
K (1) . (3). D h . Prop 


(3) 
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*250123. I -P e 0 - t‘A . = : P e Ser : g ! p‘P“(« a C‘P) . X • E ! seq/a 
Dem. 

K *250122.3 

b P e Ser : 3 '• ;>‘P“(a n C‘P). X . E ! seq/a O.Pefi (1) 

h . *40 6 .*24 52 . D 

b g ! p f P tf (a r\ C‘P) . D a . E ! seq/a: D . E ! seq/A . 

[*206 18] D . a ! P ( 2 ) 

b . *250122 . *40 62 . D 

b P e H . 3 : P e Ser : a • “ C*P . a !//P“(a a C‘P). D a . E ! seq/a (3) 
b . *20614 .Dhiaft C*P = A . D . seq/a = P*P 

[*20512] = m?n/<7‘P (4) 

b . *33-24 . *250121 . 3 b : P e H - PA . 3 . E ! min/C'P (5) 

b . (4). (5). D b : P e O — PA . a a C7‘P = A . D . E ! seq/a (6) 

h.(3).(6).D 

b P e n - PA . D : P e Ser : a * p‘P“(« a C‘P). Z> a . E ! seq/a (7) 

b.(l).(2).(7). D h. Prop 

*250*124. h:Pefl. = .Pe Ser . sect‘P — 1 ‘C‘P C <3‘seq p 
Dem. 

b . *250122 . *211703 . Z> b : P e H . Z> . P e Ser . sect'P - PC'P C d‘seq P (1) 

b . *211*7 . D h :.PeSer. sect‘P - POP C (Fseq P . D : 

0 e secPP - P A . Z>„ . E ! seq/(OP - 0) • 
[*211-723] D*.E!mm/£: 

[*250-102*12] Z>:Pef) (2) 

b.(1) . (2). D b . Prop 

*250125. b : P e fi . = . E !! min/‘Cl ex‘OP [*250112 113] 

The above proposition might be demonstrated, independently of 
*250-112-113, as follows: 

(a) If E !! min/'Cl ex'OP, it follows that x e C‘P . D . E ! min/P®, 
whence x e C‘P . D . ~ (xPx), whence PGJ. 

( b) If E !! min/‘Cl ex‘C‘P, it follows that 

x,ye C‘P . x 4= y . D . E ! min/(Pa v i‘y). 
whence it follows that 

xPy . ~ (yPx) . v . yPx . ~ (xPy). 

Hence P e connex . P 2 C J. 

(c) If E !! min/‘C! ex‘C‘P it follows that 

xPy . yPz . D . E ! min/(Pir v t ( y v l‘z). 
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whence xPy . yPz . D . ~ (zPx), 

and by P a GJ (which has just been proved) 

xPy . yPz .D.xj=z, 

Hence, since, by (b), P e connex, we must have 

xPy . yPz . D . xPz, i.e. P e trans. 

Hence E !! mint'd ex‘C‘P . D.?eSer. 

Hence the above proposition is obvious. 

*250126. b : P e H . E ! maxp'a . ~ E ! seqp'a . D . B‘P e a. B‘P — maxp'a 

Dem. 

b . *250-123 . Transp . 3 b : Hp . Z> . ~ g ! p‘P“(a n C‘P ). 

[*205 65] D . ~ 3 ! P'maxp'a. 

[*33-4] D.max P ‘a~eD‘P. 

[*93103] D . maxp'a e B‘P . 

[*202-52] D . maxp‘a = B*P : D b . Prop 

*25013. b : P e n — i‘i . D . E ! B*P 

Dem. 

b . *33 24. J b : Hp . D . 3 ! (7‘P . 

[*250-121] . D . E ! minp‘(7‘P. 

[*205-12] D . E ! B‘P Ob. Prop 

*250131. b P e H . D : g ! P . = . E ! B‘P 

Dem. 

b . *93102 . *33 24 . D b : E ! P‘P. Z> . a ! P (1) 

b.(l). *25013 Oh. Prop 

♦25014. b : P e Bord . Z> . RPP C Bord 

Dem. 

. *2501. *205-26 . D 

b : P e Bord . Q G P . D . Cl ex‘C‘P C (Fminp . min P [ Cl ex‘C‘Q G min e . (1) 

[*60-42.*35-64] D . Cl ex‘C‘Q C Cl ex‘C‘P. (3‘minp n Cl ex‘C‘Q C a‘min e (2) 
b . ( 1 ). (2). *22-44-621 .Db:Pe Bord . Q G P . Z> . Cl ex‘C‘Q C (Pmin . 
[*2501] D.Qe Bord Ob. Prop 

*250141. h:PenO.P£aefl [*250*14 . *2044] 

*250142. b:Pe Bord . D . RPP n connex C H 
Dem. 


b . *250*14 . D b : Hp . D . R1‘P r\ connex C Bord n connex 
[*250113] CH Oh. Prop 
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*25015. h : P e n . E ! B‘P .D.Pe Ded 

Dem. 

h . *250101 . D h Hp . D : g ! a a C‘P . . g ! mincer (1) 

1 - . *206‘14 . D Hp . D : a a C‘P = A . . g ! prec P *o (2) 

I-. (1). (2). D h : Hp. D. (a). g ! (min P ‘a v prec P ‘a). 

[*214-1] D.Pe Ded. 

[*214-14] D . P e Ded : D h. Prop 

*250*151. hPefi.se d‘P . D . P £ P*‘« e Ded 
Dem. 

f-. *250-141. D h : Hp. D . Pl~P% f x e D (1) 

h . *205-41. D h : Hp . D . P‘Cnv‘(P £ Pjx )« n mxp^x 

[*205197] = t‘ar. 

[*53-3] D.ElB‘Cnv‘(PtP*‘x) (2) 

h. (1). (2). *250-15. Dh. Prop 

*250-152. h.fiC semi Ded [*214‘7 . *250*124] 

*250 16. b : P e n . g ! a a C l P . D . P'minPa = p‘P“(et a C*P) 

[*205-65. *250121] 

*25017. h P,Q e d - t‘A . D : Psmor Q.= . P£d‘Psmor Qd‘Q 
[*204-47 . *25013] 

This proposition is useful in connection with the series of segmental 
relations in a well-ordered series, for the series of proper segmental relations 
in a well-ordered series is (as will be proved later) 

P^PJPtd'P, 

and this is ordinally similar to P £ d‘P. Hence, by the above proposition, 
two well-ordered series which are not null are ordinally similar when, and 
only when, the series of their segmental relations are ordinally similar. 

*2502. I-: Pe Bord . D . D‘P = D‘(P —P a ) 

Dem,. 

h.*334. D 1-: a- e D‘P . = . g ! P*# (1) 

1". *2501 . *205 16 . D h P e Bord . D : g ! P‘x . = . g ! min/P'#. 
[*205-251] = . # e D‘(P—P a ) (2) 

h . (1) . (2) . D h . Prop 
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*250 21. h : P e fi . Z> . D‘P = D‘P, [*201 '63 . *250 2] 

In virtue of this proposition, every term of a well-ordered series (except 
the last, if any) has an immediate successor. 

*25022. h:Pe Ser r> Ded . D‘P = D‘P>. D . P e H - t‘A 
iJem. 

h . *214101 r D h : Hp . ~ E ! max/a . 3 . E ! seq P ‘a \i) 

h . *206-45 . D h : Hp . max />‘0 6 D‘P . D . E ! seqp‘max P ‘a . 

[*206 46] D. E! seq P ‘« (2) 

1-. ( 1 ) . (2) . D h Hp . D : ^(max/a = B*P) . D a . E ! seq P ‘a : 

[*93-118] Z> : ~ (B‘P e a) . . E ! seq P ‘et : 

[*202-511.*214-5] Z>: g!//P“(on C‘P). Z> a . E ! seq P ‘a : 

[*250123] D:PeH-i‘A D h . Prop 

*250 23. h : P e H . E ! B‘P . = . P e Ser a Ded . D‘P = D‘P, 

Bern. 

h . *250-22.*214-5 . D h : P e Ser n Ded . D‘P = D'P, . D . Pefl . E ! B*P (1) 
h. *25015-21 . D b : P e H . E ! B‘P .D. Pe Ser n Ded . D‘P = D‘Pj (2) 
h . ( 1 ). ( 2 ). D h . Prop 

*250-24. h:Pefl.D.P*|P 1 = P^ D‘P 

Bern. 

b . *201-1 . *13-12 . Z> b Hp . xP*z . D : yPx . Z> . yP 2 z :y = x.D. yPH : 
[Transp] D : ~ ( yP 2 z ). D. ~ ( yPx) .y^-xi 

[*201-63.*202-103] D : yP x z .O.xPy (1) 

K(l).*201-63. D b : Hp rP^.zP.y . D . xPy . x,y eD‘P (2) 

h . *250 21 . D b : Up .x,ye D‘P . xPy . D . ( 32 ) . yP x z . 

[*201-63] D . ( 32 ). yPz . zPjt/. 

[*34-1] D.a^P’IP,)? (3) 

b .(2). (3). 3 b. Prop 

*250 241. h : P e H . D . P x j P 3 = ((TP,) 1 P [Proof as in *250 24] 

*250-242. btPeH.D.P^P.uPJP 

Bern. 

b . *201-63 . Z> b :: Hp . D xPy . = : xP x y . v . xP 3 y : 

[*250*21] = : xP x y . v . ( 32 ). ^P^ . xP*y : 

[*250 241] = : xP x y . v . (gs) . xP x z . ^P^ :: D b . Prop 





|2 SERIES [PART V 

*250 243. h : P e SI. D . P t d‘P, = «T‘P,) 1 (P, a P \ P ,) 

[Proof as in *250242] 

The following propositions deal with the extended form of mathematical 
induction which is characteristic of well-ordered series. 


*250 3. h:.Pe Bord : a C C*P n a . D a . seq P ‘a C <r : D . C‘P C cr 
Dem. 

b. *250 101 . 0 b : P e Bord . a ! C‘P - a . D . a ! min P ‘( C‘P - a) . 

—► 

[*205T4] D . (a^) ■ & e C"P - a . P‘# C cr. 

[*2064.*250104] D . (3#) • no e C‘P - a . P'a; C cr . x seq P (P‘a) . 

—> —► 

[*13195] D . (ga, a) . a = P‘a; . a C C‘P n a . x e seq P ‘a — o-. 

[*10-24] D . (aa) ■ a C P‘P r» tr . a 1 seq P ‘a — o- (1) 

b.(1). Transp . D b . Prop 


*250301. b : P € connex . ~ g ! min/r . a = C‘P — P“t .aCff.D. seq P ‘a C cr 
Deni. 

b . *205122 . *202‘501 . D b : Hp . D . a C p l P“r . 

[*40‘67] 3 1 t C p t P il c (1) 

b . *206-134. 0 b : Hp . x seq P a . D . P‘x C -p^P u a 
[*4016] C — p l P“<r 

[(1)] C-T. 

[*37’462] D.s'vf P“t. 

[*20618.Hp] : D b. Prop 


*250 31. b:: P e connex:. a C C‘P n a . 3 a .seq P ‘a C o-: D a . C‘P C <r :. D . P e ft 

Devi. 

b . *250-301 . D 

b :. P e connex . 3 ! (PP ftT.~g! min P 4 r . a = C‘P *- P“t . D : 

a C <7 . D tt . seq P *a C cr : 3 ! C"P - <r (1) 

b .(1) .*10-28. D 

b P e connex : (gr) ■ 3 • P*P « t . ~ 3 ! min P ‘r : D : 

( 30 -): a C cr. D 0 . seq P ‘a C a : 3 ! C l P - a (2) 

b . ( 2 ). Transp . D 

b :: P e connex :.aC<r. D a . seq P ‘a C a : D,,. C‘P C<r:.l: 

3 ! C*P r> r . D t . 3 ! min P *T : 

[*250101] D : P e Bord 
b .(3) .*250113 . D b . Prop 


(3) 
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a C C‘P a a . D a . seq/a C a : 0„ . C‘P C a [*250*3'31 ] 

*250 33. P . H — connex a P (a C C‘P a a . D„ . seq P ‘a C a : . C‘P C <r} 

[*250-32113] 

*250-34. P:.PeBord:a;eC < P.P‘a?C<r.D ir .a:e<r: 0 .C‘PCa 
Bern. 

1“. *250*11 .Dh:Pf Bord . g ! C‘P — a . D . g ! min P ‘((7‘P — <r) . 

[*205*14] 0.{^x).xeC f P -a.P^xCa (1) 

P .(1). Transp . 0 P . Prop 

*250*341. P :: a e C'P . P‘x C a . D x . a e a : . C*P C a 0 . P e Bord 

Bern. 

1-. *205*122 . *37-462 . D 

h : g ! C l P nr.~g! minpT . a = G l P — P il T . x e C*P . P f x C <r .0 . 
x~e P“t . g ! C*P — c . 

[Hp] D.xe<T.RlC‘P-<r (1) 

P . (1). *10*28 . D P (gr). g ! C‘P nr.~g! min P ( r . D : 

(g<r) : x e C‘P . P*x C a . O x . x e a : g ! O e P — a (2) 
P . (2). Transp .DP:. Hp . D : g ! C‘P a t . D T . g ! min P ‘x : 

[*250101] D : P e Bord :. D P . Prop 

*250*35. P.Bord = P[tfeO‘P.P‘a:C<r. O x . x e a : D„ . C‘P C a) 
[*250*34-341] 

*250*36. 1" :.Pffl:XCir.g!\A C*P . 0\ . seq P ‘\ Co*:3. P“<r C <r 


P . *250*121 .0b: Pen. g ! P“<r — <r . D . E ! min P ‘(P“<r - a) (1) 

P . *205*14 . *37*46 .0 

P : x = min P ‘(P“o* — a ). D . g ! a a P‘x . P*x a {P u a — a) = A . 

[*24*311] D.g (2) 

P. (2). *202*501. Z> 

P : P e Ser. x = min^P^cr — o). 0 . g ! er a P‘x . P‘x — a C p f P“(a a C‘P ). 
[*40*16] D . g ! a a ~P‘x . P^ - a C j?‘P“(«r a P‘a). 

[*40*61] D.A-ffCPVflPa;) (3) 

P . (3) . D P : Hp (3) . 0 . ~P‘x C (a a P‘ar) v P“(«t a ?<*•). 
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[*206171] D.x = seq P ‘(cr a P‘x ). 

—► —> —► —► 

[(2)] D . a ! cr r\ P t x . cr r\ P l x C<r.~ jseq p ‘(cr a P‘x) C cr) . 

[*10 24] 3 . (a\). X C <T . a 1X rt C*P . ~ (seq P ‘X C cr) (4) 

I-. (4). Transp . D h : Hp . D . ~ E ! min P ‘(P“<7 - cr). 

[(l).Transp] 3 . P tf cr — <r = A : D h . Prop 

*250361. H P e fi . P“<r C cr : X C <r . a ! (X a C‘P ). . limax P ‘\ C <r : D . 


h . *206’46 , 43 .DhsHp.XCcr.E! max P ‘\ . D . seq P ‘X = P/max P ‘\ . 

[Hp] D. seq P ‘X C cr (1) 

K *207-4. D h: Hp. XCcr.a!(X a C‘P). ~ E ! max P ‘X .D.seq P ‘X = limax P ‘\. 
[Hp] D.s?q P ‘XCcr (2) 

I-. (1) . (2) . D I-Hp. D : X C <r . a (X a VP) . Z> A . seq P ‘X C cr : 

[*250 36] D : P“cr C cr D K Prop 

—> 

*250-362. h P e £1 . P/‘cr C cr : X C cr . a ! X a C‘P . D A . limin P ‘X C cr : D . 

P“cr C cr 


*250-361 p . *121-26 


*2504. h. A efl 


h . *60-33 . D h . Cl ex ‘C* A C <Tmin (A) 
h . (1). *250-1 . D h . A e Bord 
I- . (2). *204-24 . D 1-. Prop 


*250*41. 


h . *60"39 . D V ,C\ ex^^x ^ y) = lU'x \j tU'y v i^i'x \j t*y) (1) 

h. *205-18. D\- :H]y. P = x ly .D ,min P ‘i‘x = x .mmpU^^y (2) 

h . *205-181 . D h : Hp (2). D . min j>‘(i‘x v i‘y) = x (3) 

f- . (1) . (2) . (3). D h : Hp (2). D . Cl ex‘C‘(x iy) C CI‘min P . 

[*2501] Bord (4) 

h . (4). *204-25 . D h . Prop 
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*250-42. h : P e Q - i‘A . D . E ! 2 P . 2 P =P 1 ‘&P' P‘ 2 P =t‘P‘P. P £ P‘ 2 P =A 
Dem. 

1 -. *121-13 .Dl-:^= 2 p. = .« = P/P‘P ( 1 ) 

I-. *25013. D I-: Hp . D'. E \ B‘P . 

[*250-21.*204-7] D. E! P/P‘P (2) 

I-. ( 1 ). ( 2 ). D I- : Hp . D . E! 2 P . 2p = ^,‘P‘P (3) 

[*204-71] 3 . P‘ 2 P = t‘P‘P (4) 

[*200-35] D.P£P* 2 P = A (5) 

I-. (3). (4) . (5) . 3 I-. Prop 

*250-43. K 0 r = n*C“0 
Dem. 

I-.*56*104.DI-:Pe0 r . = .P = A. 

[*250-4.*33-241] = . P e ft . C*P = A . 

[*71-37.*54*1] = . P e a « C“0 : D P . Prop 

*250 44. K2„ = nnC“2 

Dem. 

1-. *56'11. D I-P e 2 r . = : (g#, y) .x^-y .P = x ^y \ 

[*250"41] e :Pefi: (g#, = 

[*5611-38] = :Peflr>^‘ 2 .P/SP = A: 

[*204-14] =: PeH r. P“ 2 :.DI-. Prop 

*2505. I-: P e n . D . minp £ Cl ex‘C‘P e e^'Cl ex'C'P . 

i‘C‘P = Prod‘Cl ex‘C‘P [*20533 . *250*1. *115 17] 
This proposition is of great importance, since it gives the existence- 
theorem for selections from any class of existent classes whose sum can be 
well-ordered (cf. *250*53, below). Observe that “ a e C “O ” means “ a is a 
class which can be well-ordered.” 


*250-51. 

h : a e C“n . D . g ! ca‘C1 ex‘a 

[*250-5] 

*25052. 

hae C“n . /8 C a . D . g ! e A ‘Cl ex‘£ [*88‘22’2 . *250-51] 

*250-53. 

1-: s'tc e C“n . A - e k \ D . g ! e A ‘* 


Dem. 




1-. *60-23-57 . D 1-: Hp . D . k 

C Cl ex‘s‘/c. 


[*88-22.*250-51] D g 

! ePtc Oh Prop 

*25054. 

1-: C“n vl = Cls . D . Mult ax 


Dem. 




1 -. *250-53 . *83-4. D 1- Hp . D : 

A~ttc. D k .g! epK : 


[*88-37] D : 

Mult ax 0 h . Prop 
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The above proposition states that if every class which is not a unit class 
is the field of some well-ordered series, then the multiplicative axiom holds. 
The converse of this proposition has been proved by Zermelo (cf. #258 47). 

#250-6. b : P,Qeft.Psmor Q. D.PsniorQel [#20841 . *250121] 

This proposition is very useful, since it enables us, when two similar 
series of similar well-ordered series are given, to pick out the correlators of 
all the pairs without assuming the multiplicative axiom. I.e. given 
P,Qe Rel s excl . 8eP smor Q . S G smor, if N e C*Q, the correlator of 8*N 
and N will be i*(S*N) smor N if S‘N,Ne£l. This enables us to dispense 
with the multiplicative axiom in the hypotheses of *164"44 and its con¬ 
sequences, whenever the relations concerned have fields whose members are 
well-ordered series. 

*250-61. b : P e n . 3 . P s - mor P = i*(I \ C‘P) [*208*42] 

*250*62. b : P e Bord . S e cror‘P. D . ~ ( 3 #). (S*x) Px [#208-43] 

*25063. b : P e fl r* Cnv“fl. 3 . R1‘P r\ N v*P = i*P [*208 45] 

This proposition will be useful in showing that a finite series is not 
similar to any proper part of itself, and is a series which is well-ordered and 
has a converse which is also well-ordered. 

*250 64. b : P e Bord. 8€ cror‘P. 3 . C‘P r\ p^P**D*S = A [*208'46] 

In virtue of this proposition, a part of a well-ordered series can only be 
similar to the whole if the part extends to the end of the series. Thus e.g. 
no proper section of a well-ordered series can be similar to the whole. 

*25065. b : P e fl. a e sect *P — i*C*P . 8 C a. 3 . ~ [P smor P £ 


Dem. 


b. *4016. 3 b 

:Hp 

■3 .p 

‘P“C"(P t a) C p‘*P“C‘(P 1/3) 

(1) 

b. *211-133.3 b 

:Hp 

. a<^> < 

E 1.3 . 

a = C*(P £ a) . 



[*211-703] 



3. 

g ! p**P**C*(P [ a). 



[(1)] 



3. 

a lp?P“C‘(Pt/5) 


(2) 

b . (2). *40-6-62 . 

3b: 

Hp. c 

r~ € l, 

. a ! p. 3. a i o*p « 

p*P**C*(P t /3). 

[*208-47] 




3 . ^ {P smor (P l /8)} 

(3) 

b. *211*1. *2413.31 

:P = 

A.3. 

, sect'P — 1*0*P = A 


(4) 

b . (4). Transp . 

31 

' ; Hp 

•3-3 

! P 


(5) 

b. *20035. *250 

•104 . 

,3 b: 

Hp -a 

!P.ael.3.~{Pi 

>mor(Pti8)l 

(6) 

b • (3) • (5). (6). 

3b. 

Prop 






*250-651. b : P e n . D . Nr'P P £“(sect‘P - t‘C‘P) = A [*250 65] 
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*250652. I-: P e Bord . Q G P. g ! C‘P n p‘P“C‘Q . D . ~ (P smor Q) 
[*208-47] 

*250653. i -:Pe Bord . g ! C‘P n j 0 ‘P“(« n C‘P) . D . ~ (P smor P £ «) 

Dem. 

h . *37-41.3 I-. C‘(P £ a) C a C"P. 

[*40-16] 3 I- .p‘P“(a r> <7P) C p‘P“C‘(P £ a) (1) 

I-. (1) . D I-: Hp . 3 . g l C‘P n p‘P“C‘(P l a) . 

[*250-652] 3 . ~ [P smor (P £ a)} : D (-. Prop 

*250*66. I - : Pefl. a esect r P.Psmor (P £ a). D.a=(7‘P [*250‘G5 . r J fransp] 

*250-67. h : P e D ,. a? e G*P . ? - {P smor (P V>} 

Dem. 

I-. *21T302 . D h : Hp . D . P*w e sect'P (1) 

r . *200-52 . D h : Hp . D . ~P*x =f= <7‘P (2) 

I-. (1) . (2) . *250 65 . D I-. Prop 

*250-7. h P e fl. = : # e C‘P . D* . P \^~P%% e H : P e Ser 


I-. *250-141 .Dh:.P.efl.D:a;e C*P . D* . P £ P # ‘® efl (1) 

I-. *250121 . D 

h * e C‘P . D* . P £ P*‘« e fl: = : # e G ( P . g ! a n G^P^P^x) . D*, a . 

E ! min (P £ P^x) ( a : 

[*202'55] D : ^ e G'P a . . E ! min (P £ P^x) l a : 

[*205*27] D*. . E ! min/a : 

[*10‘23] D : g ! G‘P rt a . O a . E ! minp'a ( 2 ) 

h . *205-18 .*202-52 . D h : Pe Ser ,*a= 2PP . D . E ! inin/a (3) 

h . (2) . (3) . D I - :.X€C‘P.l x .Pt ~P*xe£l : P e Ser : D : 

51 3 ! a r\ C‘P . D a . E ! mm P ‘a : 

[*250-121] D : P efl (4) 

h.(1). (4) . D h . Prop 

This proposition is used in proving that the series of ordinals in order of 
magnitude is well-ordered (*256-3). We prove first that if P e fl, the 
ordinals up to and including Nr‘P are well-ordered; thence, by the above 
proposition, it follows that the whole series of ordinals is well-ordered. 


r. & w. in. 



*251. ORDINAL NUMBERS. 


Summary of *251. 

The name “ordinal numbers’' is commonly confined to the relation- 
numbers of well-ordered series, and will be so confined in what follows. The 
relation-numbers of series in general are commonly called “order-types*.” 
Thus a is an order-type if tu Nr“Ser, and a is an ordinal number if ae Nr a H. 
In the present number we shall be concerned with a few of the simpler 
properties of ordinal numbers and of the sums, products, and powers of well- 
ordered series. 

We put NO = Nr“H Df, 

where “ NO ” stands for “ ordinal number.” 

We prove in this number that any relation similar to a well-ordered 
relation is well-ordered (*251T1), and therefore any relation similar to a 
well-ordered series is a well-ordered series (*251111). We prove 

*251132142. h:aeNO. = .et-i-ieNO. = . i+oceNO 

*2511516. KO r ,2 r eNO 

*25124. 1-: a, 0 e NO . D . a 4-/3 e NO 

We prove that if P is a well-ordered series ot mutually exclusive well- 
ordered series, %‘P is a well-ordered series (*251'21) ; that if P is a well- 
ordered series of series, H‘P is a series (*25T3) ; that if P is a series and Q 
is a well-ordered series, P Q and P exp Q are series (*25T42) ; that if P, Q are 
well-ordered series, so is P x Q (*251-55), and therefore the product of two 
ordinal numbers is an ordinal number (*251’56). 

In virtue of the uniqueness of the correlator of two well-ordered series, 
we have 

*25161. b :. P, Q c Bel 1 excl .C'PCZl.D: 

g ! (P smor Q) n RUsmor. = . P smor smor Q 

whence, without assuming the multiplicative axiom, 


* We shall also speak of them as “serial numbers.” 
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*251621. b : C‘P C fl . 3 ! (P smor Q) n RPsmor . D . 

X Nr‘P = 2Nr ‘Q . n Nr‘P = 0 Nr‘Q 

*251-65. b : a 6 NO - PA . /3 e NR. P e £. OP C a . D . 

2Nr‘P = /3xa. nNr‘P = aexp ,./3 

Finally, we have propositions (*251'7 71) showing that the existence of an 
existent fl in any type is equivalent to the existence of 2 r in that type, and 
therefore holds for every type of homogeneous relations, except (possibly, so 
far as our primitive propositions can show) in the type of relations of 
individuals to individuals. 


*251-01. NO = Nr“n Df 

*2511. b : ct e NO . - . (gP) . P e fl. a = Nr‘P [(*251'01)] 

*25111. b :Pe Bold . P smor Q . D . Q e Bord 
Bern. 

b .*205-8 .*250-1 .*37-431 . D 

b P e Bord . Se Pslhbr Q . D : a C OP . 3 ! a . X . 3 ! min g ‘i?“a : 
[*37-68-431] D : 0 e S‘“Cl ex‘C‘P . 3 ! . a ! tiling : 

[*71-491] D : /3 e Cl ex 6 S“OP . . 3 ! miu Q f /3 : 

[*151 *1 1 *131 -*37-25] 3 : /3 e Cl ex‘C‘Q . ^ . g ! min Q ‘0 : 

[*250-1] I): Q e Bord :. D b . Prop 

*251111. b:Pefl.PsmorQ.D.QeO [*251'll . *204*21] 

*25112. b : P e Bord . D . Nr‘P C Bord [*25111] 

*251121. b : Pefl. D . NVPC fl [*251111] 

*251122. b: aeNO. D.aCfl [*2511211] 

*25113. b : Pe Bord . z ~ e OP . = , P -f* z e Bord 
Bern. 


b 

*205-83 . *2- 

501 . D b : 

Hp. 

g ! C‘P n a O . g ! min 

(Pp>z)‘a 

( 1 ) 

b 

*205-831 . 

D b 

H P . 

C‘(P-b 2 )n« = l f 2 .D. 

3 ! tnin (P-f> 

( 2 ) 

b 

*1611.4. 

Db: 

.Hp 

. 3 ! C f (P-b» ^r) n a O : 







3 ! C‘P n a . v . OP n 

a = ^ . 3 ! t‘z n a : 


[*16114] 


D 

: 3 ! OP a . v . 0(P-b» a = i‘z 

(3) 

b 

(1).(2).(3) 

. D 





b 

. Hp . D : y[! 

0 (P+>P> 

n a . 

D a . 3 ! min (Pi* £) <a 


(4) 

b 

(4). *250101 . 

Db 

:PeBord , 2 -H‘P.O 

. Pq* z € Bord 

(5) 

b 

*25014104 

*200-41 

Obi 

P-j* ^ e Bord O . P e Bord . z^e C‘P 

(&■) 

b 

.(•>). (6). Db 

. Prop 
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[PART V 


*251131. l-:Peri.^eC‘P.E.P-f>5eft [*20151 .*25113] 
*251132. h:aeNO.= .a-j-ieNO 
Dem. 

I-. *251111 .*18112. DhiPeO. = 4 A^Pefl. 
[*18111.(*181'01).*251131] = . P+>^ eH. 

[*I8r3.*2511] = . Nr‘P4- i e NO 

h . (1) . *2511 . D I-. Prop 


*25114. h : Pe Bord . z ~ e C‘P . = . z <+- P e Bord 
Dem . 


h.*205-832.*16112 . D 


I-Hp . D : ^ ~ e a . D . min P)‘a = min^'a : 


[*250'101] Z> : g ! (ar» C‘P). z~e a . D . a! min(^<f P)‘ a 
I-.*205-833,*16112. D 


h:Hp .^ea.glP.D.g! min «+- P)‘ a 
h.(l).(2).D 


( 1 ) 

( 1 ) 

( 2 ) 


I" :■ Hp . g ! P . !D : g ! a r» C"(.z <+• P) . D a • a ! min (> <+- P)‘a : 

[*250101] Pe Bord (3) 

I-. *161-201. *250-4 . Dh:P = A.D.s*fPe Bord (4) 

h.(3).(4). D I-: Pe Bord. *~eO‘P.D.*<H-Pe Bord (5) 

h . *250-14104. *200-41 . D I-: 2 P e Bord . 3 . P e Bord . ^ ~ e C‘P (6) 
h . (5). (6) . D h . Prop 

* 251141 . \- :Pea.2~eC‘P . = .z<±Pen [*204-51 . *25114] 

* 251 - 142 . b : a eNO . = . i -j-a eNO [Proof as in *251-132] 

* 25115 . I-. 0 r e NO [*250 4 . *153-11] 

* 25116 . I-. 2 r e N0 [*250 41 ,*153-211] 

* 251 * 17 . x^y.x^z.y^z.D.x^y-frzeCl [*251131 . *25041] 
* 251171 . h . 2 r + i e NO [*25116132] 

* 251 ' 2 . I-: P e Rel 2 excl r\ Bord . C ( P C Bord . D . %‘P e Bord 


Dem. 

h . *162-23 . D I-: g ! a n C‘VP J.glao P“(7‘P . 

[*37-264] D. a! C‘P n F“a (1) 

h.*37-46.*33-5.DI-:QeP u a.D.a!«^ <7‘Q (2) 

K (1). (2). *250-101 .D 

I- Hp .D:g!ao C‘2‘P . D . (aQ). Q mm P F“a . 3 ! min e ‘a . 

[*205 85] 3 . g ! min (2‘P)‘a (3) 

I-. (3). *250-101 . Dh. Prop 
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*251-21. h : Pe ReP excl nH.O‘P CO. 3. 2‘PeH [*201-52. *251*2] 
*251211. I-: Nr‘P e NO . Nr“C‘P C NO. 3 .2 N r‘P e NO 
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Dem. 

I-. *18216 162 . 3 h : Hp . 0 . Nr* J, >P e NO . tp e Rel 2 excl (1) 

h . *182 05-11 . *151-65 . 3 h : Hp . 3 . Nr“<7‘ J JP C NO (2) 

h . (1) . (2) . *251-122 . 3 I-: Hp . 3 . J JP e Rel 2 excl r. O . G l J >P C H . 

[*251-21] D.S'^PeH. 

[*251-1.(*183 01)] 3 . 2Nr‘P e NO Oh. Prop 

*251-22. I-: P, Q e Bord . C‘P n C‘Q = A . 3 . P-£Q e Bord 
Dem. 

F .*162-3. *163-42. 3 1- : Hp . ~ (P= A . Q = A) . 3 . 

PjQe Bord . <7‘(P | Q)C Bord . P Qe Rel 2 excl. 

X f (PlQ) = P^Q- 

[*251-2] 3.P££e Bord (1) 

h . *160-21. *250-4 . 3 I-: P = A . Q = A . 3 . P£Q e Bord (2) 

K(l).(2).DKProp 

*251-23. l-sP.Qen . C‘PnC‘Q = A. I.P^Qeil [*204‘5 . *251 22] 

*251-24. F-:a,/3eN0.3.a + ,8eN0 
Dem. 

h. *251 111 . *180-12-11. 3 

h:P,Qeft.3.|(Ar» C l Q)'n'>P e 12 . (A a C‘P) | U’Qe H . 

C‘ l (An C‘Q);OP O C‘( A a C f P) i n>Q = A . 
[*251-23.(*181-01)] 3 . P + Q e O . 

[*180-3.*251-1] 3 . Nr‘P 4- Nr‘Q e NO (1) 

h. (1). *2511. 3 I- .Prop 

*251 25. h : P^QeH . = . P, Q eO . C ( P a C*Q = A 
Dem. 

I-. *204-5 . DI-:P^Qen.D.P,QeSer.(7*PnC7'Q^A (1) 

h . (1) . *205 84 . 3 I- P£Q e!2,3 : g.! C‘P a a . 3 a . g ! minp‘a : 
[*25011] 3:Pe Bord (2) 

I- .(1). *205-841.31-:. P$Q e 12 . 3 : 

g ! a - <7‘P a C‘(P$Q) . 3 a . a ! nRn Q ‘(a - C‘P) : 
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[part V 


[*16014.(1)] D : g ! a n G‘Q . . g ! min,/(a- C‘P) . 

[*20515.(1)] D a . g ! min,/a : 

[*250101] D : Q e Bord (6) 

h .(l).(2).(3).Dh :P$QeQ. 3 . P,Q eft ,C‘P n C‘Q = A (4) 

h. (4). *251-23. D I-. Prop 

*251-26. b : a, /3 e NO — i‘A . = .a-(-/9eNO - i‘A [*25125] 

*251-3. h PeO. (7‘P C Sor . D . IBP e Ser [*204‘57 . *2501] 

*251-31. I- : E !! B“C‘P . 3 . B [ C‘P e F A ‘C‘P 

Bern. 

h . *71-571 . D 1-: Hp . D . B [ C ( P e 1 -> Cls . <J‘(P [ C‘P) = C‘P (1) 
1-. *93103 . D h . B G F (2) 

I-. (1). (2). *80-14. Dh. Prop 

*25132. h : E !! B t( G ( P . 3 ! P . D . B [ C‘P = £‘n‘P 

Bern. 

h . *172162 . D h : Hp . D .S'n*P= P A ‘C‘P 

[*82-21] = l <{B [ C‘P) Oh Prop 

*251-33. h:0'PCn-( ( A.g!PO.a! n‘P .B^C ( P = B ( U t P 
[*25013 .*251-32] 

*251-34. I- : P 6 Rel 2 excl .6‘PCO-t‘A.D.g! ePC“C‘P 


h . *25133 . *17316.0 h : Hp . 3 ! P . I> . g ! Prod‘P. 
[*173161] D . g ! Prod'C^CPP 

[*1151] 3 .3 ! e A ‘C“C‘P 

I-. *8315 . D h : P= A . D . 3 ! eSC“C‘P 
h (1) . (2) . D h . Prop 


*25135. |-::Pen.D:. 

otP c i/3 . - : O'jSeCVC'P : (gs) . *e« - £ . a n P‘z = /3 n P‘* 

Bern. 

h . *170-2 . D 

I-a, /3 e C1‘C‘P : (32 -). z e a — ff . an ~P‘z = /3 r\~P‘z : D . aP cl /3 (1) 

K *170-231. *250121. D 

I- :: Hp. D :. aP cl /3C\‘C‘P : (gs) .zea-f3.ar\ P l z = fi n ~P*z (2) 
h . (1) . (2). D h . Prop 
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*251351. h :: P e H . D «P lc £ . = : 

a, B € C\ l C‘P : faz). z e /3 - a . a r\ P‘z = fi r\ P‘z [*251*35 .*170*101] 
*25136. h:Pen.D.P cl eSer 
Hem. 

h. *17017 . Dh.P cl G J (1) 

h . *251-35.3 h :: Hp . D aP cl /3 . / 3 P cl 7 . D : 


(gs, iv).zea-ft.weB— 7 .an P^ = / 3 n P^ . /3 n P‘w = 7 P‘iy (2) 

h .*201*14. D 

—► —> —> —> 

h :. Hp . z ea — /. 3 . we/3 — 7.00 P‘z — $ r\ P‘z . fi r\ P‘w. =7 r> P‘iv . D: 

—> —> 

zPw . D . 2 - ea — 7 . a n, P‘z = y f n P‘z ( 3 ) 
h . *201-14 . D I-:. Hp (3) . D : wPz .D.we a — 7 . a ^ Phv = 7 f\ p*iv (4) 
h . ( 2 ). (3). (4). *202-104.*251-35.D h:.Hp.D:aP cl /9. B P cl7 . 3 . aP cl7 (5) 
I-. *250*121 .D 

1 -: Hp . a,Be Cl‘C‘P . a + /3 • 3 . (gO. ^ = min/{(a — B) u (/? — a)} ■ 

[*205-14] D . (gs). s e {(a - B)» (£ - «)} ■« " P‘* = /? n P‘*. 

[*251-35] D.a(P cl uP cl )£ ( 6 ) 

t-.a).15).(6].Dh.Prop 


*251-361. h : p £fl.3.P lc eSer [*251-36 . *170-101] 

*251-37. h:PeH.3.P cl = P d{ [*251-35 . *171-2] 

*251-371. H : Pen. D . P lc = P fd [*251*37 . *170i01. *171-1011 


*251-4. 

Hem. 


h : P t Rel 3 arithm Bord . C‘P C Bord . (7‘2‘P C Bord . D . 

2‘2‘P e Bord 


I-. *251-2 . D : Hp . D . %‘P e Rel 2 excl r\ Bord . C r 2 r P C Bord . 
[*25T2] D . 2‘2‘P e Bord : D I-. Prop 


*251-41. I- : P e Rel 3 arithm n fl. C‘P C fl . <7*2‘P CO.D. 2‘2‘P e Q 
[*204-54. *251-4] 


*251-42. I-: P e Ser . Q e H . D . P« (P exp Q) e Ser [*204 59 . *250-1] 
*251-43. I-: a e NR . a C Ser . fi e NO . D . (a exp,/3) e NR . (a exp r /3) C Ser 
[*186-13. *251-42] 

*251-44. h : a e NO - i‘0 r . B e NO - t‘0 r . 3 . a exp r /3 * 0 r 
Hem . 

I-. *165*27 . D 

h : Hp . P e a . Q e /? . D . P J, »Q e O - I'A . C'P jL iQ C Q - PA . 

[*251 33.*1761] D.g!(PexpQ) 

l-.(l). *186*13.3 1-. Prop 


0 ) 
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*251-5. 

b : g ! P . Q e Bord . D . P i >Q e Bord [*165 25 . *25111] 


*25151. 

h:g!P.Qen.:).Pi;Qen [*16525 . *204-21 . 

*251-5] 

*251-52. 

b : P e Bord . D . C‘P J, '>Q C Bord [*165*26 . *25112] 

■j 


*25153. 

1 -:Pen.3.C‘Pl'’Qe£l [*165*26 . *20422 . 

*251-52] 

*251-54. 

b-.P.QeBord.D.PxQeBord 


Dem. 



b 

.*165*21. *251*5*52.3 


b 

: ■ g ! Q - ^ ■ Q i ’P <= Rel 2 excl n Bord . C‘Q | »P C Bord 


[*251'2.*16G'l] D . P x Q e Bord 

( 1 ) 

b 

. *166-13 . *250-4.3b:Q = A.I).Px0€ Bord 

( 2 ) 

b 

. (1) . (2). 3 b . Prop 


*251-55. 

1-: P, Q e n . 3 . P x Q e n [*251-54 . *204-55] 


*251-56. 

b : a, /3 e NO . 3 . a X f3 € NO [*18413 . *251-55-1] 


*251-6. 

b : P, Q e Rel 2 excl. C‘P C£l .SeP smor Q n RPsmor . 



fi = X {(g^VT) • P e C‘Q . \ = (S‘N) smor N }. 3 . 


1 [ fj, e e A ‘yu,. e P smor smor Q 


Dem. 



b. *250*6. *251111.3h:Hp.3./tCl . 



[*83-43] 3.t|>ee A >. 

( 1 ) 


[*164-43] 3 . s‘L ft fie P smor smor Q 

( 2 ) 


b . (1). (2). 3 b . Prop 


*25161. 

b P.Qe Rel 2 excl. C*P C fl. 3 : 



g ! (P smor Q) r\ RPsmor. = . P smor smor Q 

Dem. 



b . *2516 . D b : Hp . g ! (P smor Q) r\ RPsmor . D . P smor smor 

Q (i) 

K(l). 

.*16417.3b .Prop 


*251-62. 

b : Hp *251-61 . g ! P smor Q r* RPsmor . 3 . 



2PP smor 2‘Q . n‘P smor n r Q . 


SNPP = 2Nr‘Q. nNr‘P 

= nNr‘Q 

Dem. 




b . *164151. *251-61 .3 b: Hp.3. 2‘PsmorS‘Q 

( 1 ) 


b. *172*44'. *251*61 . 3 b : Hp . 3 . n r P smor IVQ 

(2) 


b . (1). *18313 . 3 b : Hp . 3.2Nr*P=2Nr t Q 

(3) 


b . (2). *185-1 . 3 b: Hp .3. nNr f P= HNr‘Q 

(4) 


b ■ (1) ■ (2) ■ (3) . (4) . 3 b . Prop 
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In the above proposition, the hypothesis “ P, Q eRel-excl ” is unnecessary 
for 2Sr‘P = '£Xr‘Q and II Xr‘P = IIXPQ, as appears from *183-14 and 
*185*12. Thus we have 


*251*621. b : C‘P C O . 3 ! (P smor Q) r> Rl'smor . D . 

2 XPP - S Xr‘G . n X i‘P = n Xr^ 

Dem. 

b . *151-65 . *18205 102 . D I- . | [* C‘P e ( ^ >P\ sTilbr P r> RPsmor (1) 

b .(1). *151*102 . D I- : Hp . D . yd {(| >P)snT6r( | ’(J) rtRPsnmr (2) 

b .(1 ) . *25T1 11 . *18210 . D b : Hp . D . (J 1 J U> Cl 1 . J >P, J ‘>Q e ReP excl yd) 
b.(2). (3). *251-62 . *183-14 . *185*12 .DK Prop 


*25163. b : a e XO - PA . (3 e Nil. P e ReP excl. P e (3 . C‘P C a . D . 

S‘Pe£*a.2Xr‘P = 


f3xu 


Dem. 

b. *164-47. *165*27-21. D 

h:Hp.Q € «.«=t=0 r .D.Qi;Pe / 3.C , ‘^J ; JPCa.^<?i^ fc Reh'exc]. 
[*164*47] ^ ■ S[! (Q ;l smor P n RPsmor . P,Q \,’P e Rel 2 exel . 

[*251’61] D . (Q J, >P) smor smor P. 

[*164-151.*160-1] D.(Px Q)smor2‘P. 

[*184-13] D.VPefiX* (1) 

b . (1). D b : Hp . « + 0 r . D . 2‘P e £ X a (2) 

b . *162*42 . Transp . D b : Hp . « = 0, . D . 5PP = A . 

[*184-10J D.SPPe^Xa (3) 

b . (2). (3). D b : Hp . D . 2‘Pe/?Xo (4) 

[*183-13] D.2Xr‘P = /3x« (5) 

b . (4). (5) . O b . Prop 


*251-64. b : Hp *25 1*63 . D . II‘P e (a exp,.#) ■ nXPP = a exp,. # 

[Proof as in *251-63] 

*251-65. b : a e NO - PA . # = XR . P e ft . C‘P C a . D . 

S NPP = # x a . IIX c‘P = a exp, # 

Dem . 

b. *182-16. *183-231. D 

biHp.Qea.D.iiPeRePexcl.ljPeXPP.C'lJPCNP^. (1) 
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[*251-63] D . SNr' J 5P = Nr *P X Nr‘£. 

[*183-14] D . 2Nr‘P = Nr‘P X Nr‘Q 

[*152-45] =,9X0 (2) 

h. (2). *10-23 . D b : Hp. D . SNr‘P = £ * a (3) 

h.(1). *251*64. D I-: Hp. Q e a. D. n Nr‘ J ?P = (Nr‘Q) exp, (Nr‘P). 
[*185-112] D . IINr‘P = (Nr'Q) exp, (Nr‘P) 

[*152 45] = a exp, 0 (4) 

h . (4). *10-23. D h : Hp. D . II Nr‘P = a exp, /9 (5) 

h . (3). (5). 3 h ■ Prop 


In virtue of the above proposition, the usual relations of addition to 
multiplication, and of multiplication to exponentiation, when the summands 
or the factors are all equal, can be established without the multiplicative 
axiom, provided the summands, or the factors, are ordinal numbers. 


*2517. h 

: 3 

! XI - 

l‘A n t^a . = 

E . a I 2, n too*a . S= . a ! 2 * . = . a ! 2, 


Dem. 






1-. *64-55 . 

Dh 


n — l*A r» 

a . = . (aP) . Pefl - t‘A. OP C Va 

( 1 ) 

K * 200 - 12 . 

Db 

:P<? 

n-PA.D. 



[*153-201.*55-3] 

D. 

a ! 2, n R1‘P 

( 2 ) 

h.(l).( 2 ). 



a. D . (aP). OP C to*a . a 1 2, n Rl'P. 


[*33-265] 




D.(a 0 .<^ 2 ,.OQCC«. 


[*64-55] 




3 . a 1 2 , n too*0. 

(3) 

h. *251 16-122. 

Db 

a ! 2 , o ioo'a 

. d . a i n - t‘A n c« 

(4) 

M3). (4). 


D h 

a! - t‘A 

n too*tt • s. a ! 2 , n 

(5) 

h . *64-55. 


Db 

a ! 2 , o 



[*63-62] 




= ■ ( 3 ^ y). x^y. i‘x\j i*y <= t‘a. 


[*54-26] 




= . a J 2 o 

( 6 ) 

h.(5).(6). 

(*6501) 

. D b . Prop 



*251-71. b 

■a 

in- 

/‘An ioo‘Cls 

. 3 ! H - t‘A n t w ‘Rel 



[*251-7 .*101-42-43] 



*252. SEGMENTS OF WELL-ORDERED SERIES. 

Summary of *252. 

The properties of sections and segments are greatly simplified in the case 
of series which are well-ordered, owing to the fact that every proper section 
has a sequent, whence it follows that the class of proper sections is P ii G i P\ 
and this is also the class of proper segments. Hence also the series of proper 
sections or of proper segments is the series P>P (*252*37). The series of all 
sections is P>P-i*(PP (*252*38) ; hence (*252'381) 

NrVP*=Nr‘P+i. 

The most useful propositions in this number are (apart from the above) 

*25212. hrPeO.D. 

sect'P - PC‘P = D‘Pe - PC‘P = P“C‘P. sect‘P = P“C"P u l'C'P 
*25217. h : P 6 H - i‘A . D . sect‘P - PA = P“<3‘P u PC‘P 

*252171. h : P e 0 . D . sect £ P - 1 ‘A - PC‘P = P“(I‘P 

*252*372. h P e H . D : 9 ‘Pe n : E ! P £ P . D . Nr‘s‘P = Nr‘P: 

~ E ! B*P . D . Nr‘s‘P = Nr‘P+ i 

*252*4. h : P «r O . X, C sect‘P. g ! X.. D . p‘\ e X, 

*2521. h : P e fl. aesecHP — PC"P . D . E ! seq/a [*250124] 

*252*11. h : P e £1 . D . sect‘P - PC"P = sect‘P n> (Hseq^ 

Dem. 

(1> 


h . *206*18*2 .Dh.aP-e <3‘seq P 
h . (1) . *252*1 . D h . Prop 
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*252 12, F : P e n . D . 

sect‘P - i‘C‘P = D‘P f - L t C u P=~p t *C t P . sect‘P =Tp“C l P u PC‘P 

Dem. 

*211-24. *252-11 . D F : Hp . a e sect'P - PC‘7 3 . D . a eJ)‘7* f (1) 

I-. *211-15. D h : Hp.aeD‘Pe- i‘C‘P. D. a c sect‘7 3 - i‘(J‘P (2) 

F.(l) (2). D F:Hp.D. sect‘7 3 - P6' l 7 J = D‘P e - i‘C‘P (3) 

r. *211-302. *252-11 . DF: Hp. D.-secPP-zW^P'^P (4) 

h. (3). (4). *211-26. DF. Prop 

In dealing with sections and segments of well-ordered series, it, is necessary 
to distinguish series with a last term from such as have no last term. If 
a series has no last term, C‘P-P“G‘P, so that C‘PeD‘7V But if a 
series has a last term, C‘P ~ e D‘7 J e; in this case, D ‘P e = P“C‘P. Thus 
D‘P« is either P“C‘P or secHP, according as there is or is not a lust 
term. In either case, 

sect P = PWoiTP 1 
as has been already proved in *252*12. 

*25213. F : 7 3 e H . E ! JB‘P . D . sect‘P - t‘C‘P = D f P e = P“C‘P. 


seePP = D‘P t u l'WP = P“C‘P u i‘C'<P 

1km. 

h ■ *250 21 . *211 -36 . D F : Hp. D . seePP - D‘P f = PG ( ‘P . 

[*24 492.*211-15] D. seePP - t‘C u P = D‘P e (1) 

[*252-12] =~P“t "P (2) 

I-. (1). (2). *21P2G . D h . Prop 

*252-14. F : P e O . - E ! 7PP . D . seePP = D‘Pe=?“C‘P u PC‘P 
[*250-21 .*211-3G1 .*252-12] 

*25215. F : P e O . D . I)‘7G = P“D‘7 3 u PD‘7 3 

Dem. 

F . *252 13 . J F : Hp . E ! B‘P . D . D‘P e = P"D‘P u P?P‘P 
[*202 524] = ~P“D‘P v PD‘P (1) 

F . *252-14 . D F : Hp.~E! 7PP.D.D‘P e ="P“I)‘P u PD‘P (2) 

F.(1).(2 ).DF. Prop 

*252-16. F : D e .Q - 2, . D . D‘7 3 e = sect‘(P £ P‘P) 

1km. 

F . *204-271 . D F : Up. D . I)‘7 3 ~e 1 . 
j *202"55 ] D.C'hPC 1)‘7 J )-D‘P. 

| *250-1 11 .*252-1 2 j Z) . -eep( P £ ])‘P) = P £ IPP'H)^ 3 w PD‘P 
I *87 12 421 j = P“D‘PuPl)‘P 

1*252-15 | = I)‘7 3 < : D F . Prop 
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*252 17. b : Pe H - PA . D . sect £ P - PA = P ££ CI £ P u i‘C‘ /> 

Deni, 

b . *252'12 . D b : Hp . D . sect £ P- PA = (P“C‘P - <‘ A) u i‘C‘ [> 
[*33’41] = P ££ d £ P u f‘(’*P ;Dh. IVup 

*252171. b : P e H . D . sect £ P - PA - (‘C ( P - P“( [‘ P 
Dem. 

b . *252-12 .D b:Hp.D. (sect £ P - PP £ P)- PA = P“P £ P - /‘A 
[*33-41] =~P“(I‘P : D b . Pmp 

*252-3. b:Pen.D.I)VP # =P“(7 £ P [*212 171 . *252 J2J 

*252-31. b : P e H . 3 ! P . D . GVP* = P“P‘P u PC £ P 
[*212-172. *252-12] 

*252311. biPefl.glP.D. (I £ <PP* = P ££ Q £ P u PC ,£ P 
[*212 171 .*252-17] 

*252-32. h:Pen.D.D‘s‘P = P“D‘P [*212 132. *252 15] 

*252 33. b : P e fl — PA . D . CVP = P“D‘P w PD‘P 
[*212-133 . *252-15] 

*252-34. b : P e H . E ! B‘P . D . CVP = P“C‘P 
Dem. 

b . *202-524 . D b : Hp . D . "p £ K‘P = 1) £ P. 

[*252-33] D . CVP = P ££ C £ P Oh. Prop 

*252 35. b : P e H - PA . ~ E ! B ( P . D . CVP = P“C £ P u PC‘P 
[*212-133. *252 14] 


*252-36. b:Pefl,E! B‘P . D . s £ P = PiP 
Dem. 

b . *212-25 . *252-34 . } b : Hp. D . P^P = ( S £ P) £ (CVP) 

[*36-33] = s £ P O h . Prop 

*252-37. b : P e H O . (? £ P) £ (- PC £ P) ="?5P 
Dem. 

b . *36-3 . D b . (s £ P) £ (- PC £ P) = (s £ P) £ (CVP - PC‘P) 
[*212-133 134] = (s £ P)£(D £ P e ~ PC £ P) d) 

b . (1). *252-12 . D b : Hp . =5. (s £ P) £ (- PC £ P) (s £ P) £ (P“C‘P • 
1*212-25] =PJP:Db.Prop 
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*252 371. h:P f n.r 

Dem. 

b . *212-25 . *252-32 . 
h.*212-133. 
b . *252-32. 


E ! B‘P . D . s‘P = PiP-fr&P 

D b : Hp . D . PJP = (s‘P) £ (D VP) 

D b : Hp . a ! P. D . C"P = P‘Cnv VP 
D b : Hp. D . D VP = P“C‘P. 


( 1 ) 

( 2 ) 


[*200l2.*204-34] D.DVP~fl (3) 

b . (1). (2). (3). *204-461 . D b : Hp . g ! P. D . PJP+XPP = s‘P (4) 

b . *212134 . *161-2 . D b : Hp. P = A . => . s‘P = A.PJP-f*(7‘P=A (5) 
b . (4) . (5). D b . Prop 


*252372. h.PeO.D: s‘P e H : E ! P 4 P . D . Nr VP = Nr‘P : 

~ E ! P‘P . D . Nr VP = Nr‘P + i 

Dem. 

b . *252-36 . *204-35 . D b : Hp. E1 P‘P . 0 . $‘P smor P. 

[*251 111.*152 321] D.s^PeH.NrVP = Nr‘P (1) 

b . *252-371 . *204-35 . *200'52. D 

b : Hp . ~ E ! B*P . D . Nr VP = Nr‘P + 1 . (2) 

[*251-132] D.s'Pefl (3) 

b.(1).(2).(3).D b . Prop 


*252-38. b : P e 0 . D . s‘P* = PJP-b>C‘P 
Dem. 

b. *252-12. *212-24. D 

b :: Hp . 3 :. a(s‘P*)£ . = : a,/9 eJWP u t‘C‘P. a C £ . a + £ : 
[*37-G.*200-52] 

= : (g#, y) .x,yeC‘P. a = P*x . {$ = P‘y . P‘# C P‘y. P‘# =[= • v ■ 

(ftx ). C‘P . a = P l x . £ = C‘P : 

[*204-33'34] = : (gpc, y). xPy . a = P l x . /3 = P‘y . v . 

(a«) • * e P‘P . « = P^ . £ = C‘P : 

[*150-5-22] = : a (PiP) £ . v . a e C‘PJP. £ = C‘P : 

[*161-11] = : a(PiP-f>C«P)/S :: D b . Prop 

*252381. b:PeH.D. s‘P* e O . NrVP* = Nr‘P + 1 
[*252-38 . *200-52. *204-35 . *251 131] 
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*252*4. \-: P e O . X. C sect/P. g ! X . D . p ( \ e X 

Dem. 

h . *211 44-1 . D h : Hp . P = A. D . X = i‘A. 

[*53’01] D.p‘\€\ (1) 

l-. *212-172 . D h : Hp . g ! P. D . X C CVP*. g ! X. 
[*252-381.*250-121] D . E ! min( ? ‘P*)‘X. 

[*210-222.*211-67‘66] D.p‘\e\ (2) 

h . (1) . (2) . D 1- . Prop 

*25241. h : JPed . X C sect‘P . g ! X. D . Ae\ [Proof as in *252 4] 

*252*42. H P e H . (Cnv VP*)/‘o- C a : 

X, C <t . g ! X r\ CVP* . . s‘(X r\ CVP*) e <x : D . 

(CnvVP*)“o* C a 

[*250-361 . *252-381 . *212-322] 

*252-43. h :. P e n . (s‘P*)“o- C o-: 

\Cff.gl\n CVP* • . p ‘(X n CVP*) <r cr: D . (s‘P*)“<x C <r 

Dem. 

V . *212-181 . 3 h . (CnvVP*) smor (s‘P*) (1) 

K (1). *252-381 . D h : Hp . 3 . Cnv VP* e O (2) 

h . (2) . *212-34 . *250*362 . D h . Prop 



*253. SECTIONAL RELATIONS OF WELL-ORDERED SERIES. 
Hammary of *253. 

In the present number we shall consider the properties of the relation 
P s (defined in *213) when The relation P y has great importance in 

this case, owing to the fact (to be proved later) that Nr“D*P y is the class of 
all ordinals less than XVP, and that, ifP, Q are any two well-ordered series, 
either P is similar to a member of G i Qs, or Q is similar to a member of 
C"Pi, whence it follows that of any two unequal ordinals one must be the 
greater. 

The present number consists merely of .the more elementary properties of 
P s when PeD. The interesting properties connected with greater and less 
will be treated in the following number. 

The most useful propositions of the present number are the following: 

*25313. h : P e 12 . D . i)‘P y = P £ “P“d‘P = P £ ‘^P“C‘P 

*25318. h : Pen . D. C‘P y CP£ "*P“CI £ P v i‘P . C‘P t CH 

Instead of C‘P S C P £ “P“d‘P u i‘P we shall have equality, unless 
P = A (*25315). 

*253 2. I- : Pell —2,. D. Nr‘P y = Nr‘(P £ CPP) 4- i 

The case when Pe 2,. has to be excluded, because then Pi d ( P = A. 

*253 21. h : P e H . D . i 4- Xr'P, = Nr'P 4- i 

'J’his proposition involves NPP y = Nr‘P when P is finite, but when P is 

infinite it involves Nr‘P y = Nr‘P 4-1 (cf. *26L'38). 

*253 22. h : P e n . D . P, D D‘P, smor P l d‘P 

*253 24. h : P e n . D . P s e O 

*2534. h : Pe n - i‘A . D . 

C‘P, = Q (( a J2) ■ p = Q$R . v. (a*). p = 

*253 421. \--.Peil.Qe D‘P, ,D.~(Q smor P) 

*25344. h :a,£eXO- t'A./9 + 0 r .D.a + £+a 
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This proposition marks a difference between ordinals and cardinals. An 
ordinal is always increased by the addition of anything at the end, whereas 
this is (often if not always) not the case with a cardinal if it is reflexive 
and greater than the addendum. The above proposition ceases to be true 
if we add ft at the beginning instead of the end: ft + ct = a will be true if a is 
infinite and is not greater than a. (For the definition of &>, cf. #263.) 

#253 45. h : a e NO - t‘A - i‘0 r . D . a + i + a 

Similar remarks apply to this proposition as to #253 44. 

#25346. h : Pe Q . Q,ReO‘P t . Qsmor R.D.Q = R 

I.e. no two different sections of a well-ordered series are similar. 

It follows from #253-46 that the series of the ordinals of proper sections 
of a well-ordered series P is similar to the series of proper sections, nd 
therefore, by #253'22, to the s. ics P with its first term omitted (#253 463). 

We have next a set of propositions (#253 o—'574) on the circumstances 
under which Nr‘P s = Nr‘P and those under which Nr‘P y = Nr‘P + 1. As 
a matter of fact, the former holds when P is finite, the latter when P is 
infinite. But the distinction of finite and infinite will not be introduced till 
the next section. In the present number, we prove that (assuming Pf fi) 
Nr‘P s = Nr‘P if (BP, = (TP . E ! P‘P, and if not, .then Nr‘P, = Nv‘P 4- 1 
(#253 - 56). This is proved by using Pj as a correlator. (P y as a correlator 
moves every term one place down, except the first, which disappears.) For, 
if PeO, we have PpP=P£D*P(#253 - 5); hence we prove P^CI f P 1 smorP^D i P 
(#253-502),and hence, ifG‘P, = G‘P, we obtain P£Q‘PsmorP£D < P(#253-503). 
Hence by #253'2 (with special consideration of the case when Pe 2,.) we have 
the two propositions 

#253 51. h : P e n . (BP, = (BP . E ! B ( P . D . Nr <P, = Nr‘P 

#253-511. hi Pei!. d‘P, = (BP. ~ E lB‘P.D. 

Nr‘P s - Nr‘P 4- i . Nr‘P t (BP = N r‘P 

But if there is a term, say x, belonging to d‘P — d‘P l; use P x as a correlator 
for the predecessors of x\ we thus find that, in this case, PsmorP£(PP. 
Hence, by #253-2, Nr‘P s = Nr‘P 4- 1. 

The hypothesis (BPj = d‘P . E ! B‘P means that there is a last term, and 
every other term has an immediate successor. This, as we shall prove later, 
and as is indeed obvious, is equivalent to the assumption that P is finite but 
not null. 

From the above propositions it results immediately that 
#253 573. b LPeH.D: (BP, =<BP . E ! P‘P . = . i 4- Nr‘P + Nr‘P 

Hence it will follow that finite ordinals other than 0 r are those which are 
increased by the addition of 1 at the beginning. We have also 


r. & w. m 
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*253-574. h P e H - t'A. D : (I'P, = <3‘P . E ! B‘P . = . 1 + Nr‘P = Nr‘P +1 
Whence it will follow that finite ordinals are those for which the addition 
ofi is commutative. 

*2531. h :.Pea.OiQP s R. = . 

(ROL ) P).a,P6~P“d‘Pvi‘C‘P.'&l@~ot.Q = Ptot.IP=PtP 

Bern. 

I-. *2131. *25217 . D h Hp. g ! P. D : QP*R . = . 

('g L *,0),a,Pe'P“<I‘Pvt ‘C‘P.RiP-a.Q = Pta.R = Pt0 (1) 
h . *33-241. D h P = A. D : P“<3‘P u FC*P = PA : 

[*24-53] D : ~ (go, £). a, 0 <? P“<3‘P u t‘C‘P. a ! 0 - a: 

[*213-3] D:QP,P. = . 

( a a >y 3).a,/3eP“(I t PuPC‘P. a !y3-a.Q = Pt«.P = P^ (2) 

h . (1) . (2) . D h . Prop 

*25311. h:: Pef2. D <>P*P. = : 

(fix, y).xe C l‘P . xPy . y = P £ P'-r . P = P £ P‘y . v . 
(ga),. x e CT *P ,Q = P £ P‘#. P = P 

Bern. 

h . *33'152. D h : a = P‘P. 0 e P“(I‘P'u t‘C‘P . D. ~ a 1 £ - « (1) 

h. *200 52.(1). Dh:Hp.aeP u a tf P.^=^P.D. a !y3-a (2) 

h . (1). (2). *253-1 . D h :: Hp. D :. QP t R . = : 

(aa 1 /9).a, / 86P“a t P.a! y 3-a.Q = P^a.P = P^.v. 

(aa j/ S).aeP“a t P./9=0'P.Q = Pr«.P = Pt/3: 

[*37-6.*36-33] 

= : (a#, y).x,ye (FP . a I P t y — Phr • Q = P £ P‘ x ■ P = P £ P‘y . v . 
(a*).aea‘P.Q = PCP‘a.P=P: 

[*211-61.*210-1] 

= : (a*, y) • *, y e (FP . Phr C P^. P^ * P‘y. Q = P £ P‘* . P = P £ P‘y. v. 
(a*).tfegL‘P.Q«Pt?®.P = P: 

[*204-33-34] = : (a«, y). a, y e (FP. aPy. Q = P £ P'a . P = P £ ~P‘y . v . 

(a«).«€a f P.Q=-PpP^.P = P (3) 

H . (3) . *3314.3 (-. Prop 

*25312. h:Pen.P~ € 2 r .D.P* = (P^ i P JP £ CFP) -**P 
Bern. 

h . *204*272. D h : Hp. D. (FP ~ e 1. 

[*202-55.*213151] D . P £“P“(FP = <?‘P £Jp;p £ CFP (1) 



SECTION D] SECTIONAL RELATIONS OF WELL-ORDERED SERIES 35 

K (1). *25311. 3 h :: Hp . 3 :. QP S R . = : 

Q(P^P;P£(PP)P.v.QeC'(Pt;Ap£(PP).P = P: 
[*161111 = : Q {(PttP'>P £ d‘P)4*P} R :: 3 h. Prop 


*253121. (- :Pea.3.P~eC‘Pt>P m >Pt<l‘P 
Rem. 

V . *200-52 . 3 h : Hp . 3 . C‘P ^ e P“(PP. 

[*36 25] 3 . P ~ € C"P £ >*PJP t (PP = 3 I-. Prop 

*25313. h : P e H . 3 . D‘P S = P £“P“(P P = P £“P“0‘P 
Dem. 

(-. *213141. *252171. 3 h : Hp. 3 . D'P, = P £“P“(PP (1) 

I-. *37-22. *25013. 3 

i-: Hp. a ! p. 3 . p t“P“c*p=p £“P“(pp w pp t p'p<p 

[*33*41.Transp] = Pt‘<P“(I‘P v i ‘A (2) 

h. *250-42.3 h:Hp. a I P.D. A eP^“P“a 4 P (3) 

h . (2). (3). D f : Hp. g ! P . 3 . P £“P“C‘P = P £“P“(PP (4) 

h . *33 241.3 (-: P = A. 3 . P £“P“C"P = A . P £“P“(PP = A (5) 
h . (4). (5). 3 b : Hp . 3 . P ^“C^P = P £“P“(PP (6) 

h . (1) . (6). 3 b . Prop 


*20314. I-: PeO. 3. 

(PP S = (P £“P“(PP u PP) - PA = (P £“P“C'P u PP) - PA 

Dem. 

(-. *213162.3 h : Hp. 3. (PP, = P ^“secPP-pA 
[*252-12.*36-33] = (P £“P“C"P u PP) - PA (1) 

[*253-13] - (P C“P“(PP w PP) - PA (2) 

I-. (1). (2; . 3 h . Prop 

*25315, h:Pen-PA.3.0 f P, = P £“P“(PP u PP = P £“P“C*P u PP 
[*2531314] 

*25316. (-: P e n - PA . 3 . P‘P, = A. B‘P, = P [*213155158. *25013] 

*25317. h : P e H. 3. P, £ D‘P, = P £ 5 P ;p £ (PP 


K *25311.3 

h::Hp.3:.QP,P. = :Q(Pt>P>PtCPP)P.v.Q€P£“P“(PP.P = P:. 
[*253121] 3 :. Q (P*t D‘P S ) P. = . Q(P ^"PJP £ CPP) R :: 3 h . Prop 
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*25318. h:Pefi.X C'P * C P t“P“(I‘P »t‘P. C‘P * C fl 
Dem. 

h. *253-11.3 

f-:: Hp . D Q e C'P, . 3 : (a^). a- e (VP . Q = P £ P'.r . v.Q = P: 
[*376] D:QePt“~P“(I‘Put‘P (1) 

h . (1). *250-141. 3 h : Hp.3. C"P S C fl (2) 

h . (1). (2). 3 h . Prop 

*253-181. h : P 6 fl. 3 . O'P* C D‘P S u VP [*253-18-13] 

*253-2. h : P € H - 2 r . 3 . Nr'P* = Nr‘(P £ + i 

Dem. 

h . *253-12-121 . 3 I- : Hp . 3 . Nr'P* = Nr'P £ HPiP £ (I'P + i 
[*213 151 .*252*171] = Nr ‘PiPpCI'P + i 

[*204-34] = N i'(P £ (l‘P) +1 : 3 h . Prop 

*253-21. h : P € fl . 3 . i 4- Nr'P* = Nr'P + i 
Dem. 

h . *253-2 . 3 h : Hp . P~ e 2 r . 3 . i 4-Nr'P* = i 4- Nr'(Pp CI'P) + i 
[*204-46-272] = Nr‘P4-i (1) 

K*213-32.3h:Pe2 r .3. i4-Nr'P*= i4-2 r 
[*161-211] =2 r +l 

[Hp] =Nr‘P + i (2) 

H . (1). (2). 3 b . Prop 

It would be an error to infer from the above proposition that 
Nr‘i 3 * = Nr‘P, since addition of ordinals is not in general commutative. 
When Pefl, Nr'P* = Nr'P holds when C‘P is finite, but not otherwise. 
When C"P is not finite, i 4- Nr'P* - Nr'P*, so that Nr'P* = Nr'P 4- i ; but 
Nr'P={=Nr'P4-i. 

*253-22. (- : P e O. 3 . P* £ D'P* smor P £ CI'P 

[*253-17 . *213-151 . *252-171. *204-34] 


*253-23. 

Dem. 


b :. Pefl. 3 : Nr'P = Nr ‘Q . = . Nr'P* = Nr ‘Q s : 

P smor Q . = . P* smor Q s 

h . *181-33 .3b: Nr'P = Nr'Q. = . Nr'P 4- i = Nr'Q4- 1 
(-.(1).*253-21. D 

h :. Hp . 3 : Nr'P = Nr'Q . = .14- Nr'P* = 1 4- Nr'Q*. 
[*181-33] = . Nr'P* = Nr'Q* :. 3 b . Prop 


(1) 
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*253 24. b : P e fl . 3 . P s e n 
Dem. 

b . *253-2 . *250-141 . *251-132 . D b : Hp . P ~ e 2 ,. D . Nr‘P ? e NO ( 1 ) 
b . *213-32 . *251-16 . D b : P e 2,. D . Nr‘P s € NO ( 2 ) 

b . ( 1 ). (2). D b : Hp . D . Nr‘P, e NO . 

[*251-122] D . P s e fl: D b . Prop 

*253-25. b P, Q e O - t'A . D : P, £ D‘P { smor Q , £ D‘Q $ . = . P smor Q 
[*253-22. *250 17] 

*253-3. b : P e fl. D . P S ‘P = P E“?‘d'P = P £“P“C‘P = D‘P S 
[*213-243. *253-13] 

*253-31. b P e O . D : QP,R . = . P e P £“P“P‘P u PP.Q e P 
Dem. 

b. *213-245. *253-13. D 

b Hp . D : QP S P . = . P e C"P f . QeP £“P“(7‘P. 

[*33-24.*213 3] = . R e C‘P S . g ! P . Q e R fc“P“C‘P . 

[*253-15] = . P e P £“P“C‘P u t‘P . g;! P . Q e P t“P“C7‘P 

b . *37-29 . *33 24 . D b : Q e R p“P“(7‘P . D . g ! P : 

[*1312] D b : Q e P £ . P = P . D . g ! P 

P.P 
} Q,R' 

b . (3). (4) . D h : P e P £“P“C‘P ui'P.QeR £“P“C‘P. D . g !P (5) 
b . Q) . (5). D b . Prop 

*253-32. b : P e n . P e C"P S . D . P/P = P £“P“C‘P = D‘P S 
[*213-246. *253-13] 

*253-33. bi.Pefl.D: Q(P,£ D‘P r ) P. ==. Re P i‘<P“C‘f . Q e R £ 1 “~R“C‘R 
[*213-247. *253-13] 

If a is any ordinal number, and Pea, the ordinal numbers of the 
sectional relations of P are all those ordinals which can be made equal 
to a by being added to, i.e. all ordinals /? such that, for a suitable y, 
a = /3-i-y. (Here y must be an ordinal or i.) Further, in virtue of *250-67, 
no member of H‘P S is similar to P; hence, if a is an ordinal, and a = / 3 -fy, 
where y=f Or, it follows that a4=/3. (Observe that a 4= 7 does not follow from 
/3 4= 0 r . a= /3-f 7 .) These and kindred propositions, which are important in 
the theory of ordinals, are now to be proved. 

*253 4. b : P e fl — PA . D. C‘P % = Q {(gP). P — Q^-R . v . (g#). P = 
[*213-41 .*250-13] 




DbrPeP^'P'W.D.g’P 


( 1 ) 

v2) 

(3) 

(4) 
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*253*401. h :Pefl.D. 

p £“P“C‘P ut f p=Q {(g-R). p = Q 4 p . v. (g®). p=Q-+>^} 

Dem. 

t-. *253*4*15 .DhiHp.glP.D. 

P £“P“C‘P u i‘P = § {(gP). P = Q 4. P . v. (g®). P = $+►«} (1) 
h . *37*29 . D (-: P = A. D . P £“P“C"P u i‘P = i‘A (2) 

h.*160*14.*33*241.Dh:.P = A.D:*P = Q4iP. = .Q = A.P = A: 
[*10*281] D:(gP).P=£4P. = .Q = A (3) 

h . *161*13 . *33*241 ,D(-:.P = A.3:P = Q+*®. = . Q = A : 

[*10-24*23] D:( a ;c).P=Q4>^. = . Q = A (4) 

h . (3). (4). D h :: P = A . D !. (gP). P= Q£P . v . (g®). P = #-t»a: s ■ Q=A. 
[(2)] =-QeP t“P“C‘P u PP (5) 

h.(l).(5].Dh.Prop 

*253402. h:Pea-pA.D. 

D f -P*«S{(a^)-=»+A.P-Q^B.v.(a®).p*Q-b®] 

Dem. 

(-. *25316*4. D 

h::Hp.D:.QeD‘P f .s!Q*P:(aP).P-g*P.v.(g®).P-Q-|*® (1) 

h. *161*14. *200*41. Dh:Hp.P = Q-t4®.D.®«(PP.®~ e C‘Q. 

[*13*14] D.Q + P (2) 

I-. *160*21 .D(-:Q*P.P = Q£P.D.g!P (3) 

h . *160*14. *200*4 . D 

(-:Hp.P = Q4P.a!P.D.g!^Pn^P.- 3 !(7 f Qn C"P. 

[*13*14] D.P + Q (4) 

K(3).(4).D 

(-::Hp.D:.Q4=P:(gP).P=Q4LP: = .(gP).P + A.P=Q^P (5) 
(-. (1). (2). (5). D h :: Hp. D :. Q e D*P S . = : 

(gP).P4A.P=Q4-P* v -(3 a; )-P = ^'t>^:: 3 (-.Prop 

*253-41. h:.P e n.Qe(7‘P ( .D: 

(got). a € NO . Nr‘P * Nr‘0 + a. v. Nr‘P = Nr'Q + 1 

Dem. 

h . *213 3. D h Hp. D : P =j= A : 

[*253-4] 3 : (gP) .P = Q$R.v. (ga) • P = Q-t>®: 

[*211*283.*200*41] 

3:(aP).P^Q£P.C‘Q*ra = A.v.(g®).P=^®.tf~eC‘Q: 
[*180*32.*181-32] D : (gP). Nr‘P = Nr‘Q + Nr'P. v . Nr‘P = Nr‘Q 4-1 : 
[*251*26] D : (ga) . a e NO . Nr'P = Nr ‘Q + a. v . Nr'P = Nr‘Q +1:. D (-. Prop 
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*25342. h:P e n.3.Nr'PnD‘P s = A [*250*651. *213141] 

*253-421. (-: P € £1. Q e D‘P r . 3 . ~ (Q smor P) [*25342] 

*253 43. V P e£l .x,y e CPP . 3: P£ P‘x smor P £ P c y . = . a? =» y 
Dem. 

h . *25311 . 3 (-: Hp . xPy. 3 . (P £ P'a) P, (P £ P'y). 

[*213 245] 3 . P t P^ e D‘(P £ P'y),. 

[*253-421] 3 . ~ {(P tP‘m) smor (P £ P'y)} ( 1 ) 

Similarly h : Hp. yPx . 3 ~ {(P £ P‘a) smor (P £ P‘y)} (2) 

h.(l).( 2 ).D h:.Hp.D:(P^P^)smor(PtP f y).D.-(a;Py).~(yP^). 
[*202-103] 0.x = y (3) 

H. (3). *151-13. 3h. Prop 

*253-431. h:P4LQ e n.a!Q.D. Nr'P ^ N r‘{P $ Q) 

Dem. 

h. *253402 . 3h:Hp.3.Pe D'(P.£Q)* ( 1 ) 

h.(l). *253421. Dh. Prop 

*253-432. I-: P-f+ae H . g ! P. 3 . Nr‘P=j= Nr'(P-*+;») [*253402-421] 

*253-44. h:a,£eN0-PA.£ + 0 r .3.a + /9=|=a 
Dem. 

1-. *2511. *155 34.3 

(-: Hp . D . (gP, Q). P,Q e SI. a= N 0 r‘P . /? = N 0 r‘Q . 3 ! Q. 

[*180-3] 

D.( a P,Q).P,Qea.a = N 0 PP.)3 = N 0 PQ. 3 !Q.a + /3 = NP(P + Q) (1) 
I-. *180-12 . *253431. (*180-01). 3 
h:P,Q 6 n. 3 lQ. 3.Nr‘(P + Q)=j=Nr‘P. 

[*155-16] 3. Nr'(P + Q) + N 0 r‘P (2) 

h.(l).( 2 ).D 

l-:Hp.3.( a P J Q).P } Q e n.a = N 0 PP. y S = N 0 r^.a + i 9=]=N 0 PP. 

[*13-195] 3 . a 4- /3 + a: 3 h . Prop 
*253*45. h : aeNO-t‘A-P0 r . 3 . a + 1+ a 

[Proof as in *25344, using *253432' instead of *253-431] 

*253-46. l-:Pen.Q,P € O f P s . QsmorP. D. Q = P 
Dem. 

1-. *253-421-16 . 3 h : Hp. Q = P. 3 . P = Q (1) 

h . *25316. 3 h: Hp .Q^P.R^P.O. Q, Pe D‘Pr. 

[*25313] 3 .(Rx,y).x,ye<I‘P.Q = Pt-p‘x.R = PtP‘y. 

[*25343. Hp] 3 .Q = R 
H . (1). (2). 3 K Prop 


(2) 
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*253461. h : Pe H . D . Nr f G‘P S e 1->1 
Dem, 

h . *253-46 . D h : Hp . Q, R e C‘P S . Nr ‘Q = Nr ‘R . D . Q= R : D h . Prop 
*253 462. h:P<?nO. 

Nr (P p) ~P l CI‘P e 1 1 . Nr ?P p fp 5p p (I‘P smor P p &P 

[*25343] 

*253 463. h : P e 0 O . 

Nr > (P s p 1)‘P S ) smor P, p D‘P S . Nr5(P ? p D ( P ) smor P p (PP 
[*2.j3-462-17-22] 

*253 47. hiPfO-i'A.D. 

Nr“C‘P t = a }(g£). « + £= Nr'P . v . a + i = NV'PJ [*253-4] 

*253 471. h : P e H . D . 

Nr“(D‘P s u PP) = a {(g/3) . a + /3 = NVP . v . a + 1 = Nr‘P] 
[*253-401-13] 

The following propositions are concerned in proving that Nr‘P s is either 
Nr‘P or NVP+i. This is proved by using P x as a correlator. The 
methods employed anticipate the discussion of finite and infinite series ; 
in fact, when P is finite, Nr e P f =Nr‘P, and when P is infinite, 
Nr'Ps = NPP +- i. But it is important at this stage to know that Nr‘P 5 is 
either equal to or greater than Nr { P, and the propositions are therefore 
inserted here. 

*253-5. h : P * n . D . P x iP = P p D‘P 
Dem. 

h . *201-63 . *25-411 . D |- :: Hp . D P = P x u P 2 

[*150-11] D x (Pi»P) w . = : (g[y, z ): xP x y : yP~i.z . v . yP 2 z: wP x z : 

[*204‘7] = : ( 32 ). xP x iv . wP x z . v . ( r &y,z) ■ xP x y . yP*z . wP x z : 

[*250‘2T24] = : xP x w . w eD‘P . v . (gy) ■ ®P x y .y,we D‘P . yPw : 

[*33-14.*34-l] =ix(P l vP 1 \P)w.‘we D e P : 

[*33'14.*250'242] ~:x.we D‘P . xPw :: D h . Prop 

*253501. h:PeO.D.P ] iP = Ppa‘P 1 
Dem. 

h . *250*242 O h : Hp O . P, P = P X P x v P x P x P 
[*7T191.*204-7] =/pCI‘P 1 o(a'P 1 )1 P. 

[*i,50-i.*oo-65] D.p t ;p =(^‘A)1 p^cppoip p x 

[*250-243] = P p a i P l Oh. Prop 
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*253*502. h : P « Q . 3. P £ d‘P t smor P £ D'P 
Dem. 

h . *253*5 . *150-36 . 3 h : Hp . 3 . P £ D‘P = PJ (P £ d t P l ) (1) 

h . *151-21 . *204-7 . 3 1-: Hp . 3 . P,» (P p d‘P,) smor P £ d«P, (2) 
f-. (l). (2). 3 h . Prop 

*253-503. h : P e H . d‘P x = d‘P . 3 . P£ d‘P smor P £ D‘P [*253-502] 

This proposition shows that if P is a well-ordered series in which every 
term except the first has an immediate predecessor, the scries obtained by 
omitting the last term (if any) is similar to that obtained by omitting the 
first term. The converse also holds, as will be shown later. The hypothesis 
Pefl.Q'P 1 = G‘P is equivalent to the hypothesis that P is finite or a pro¬ 
gression. (Here a progression is not what was defined as " Prog ” in *121, but 
what Cantor calls co; i.e. if P e Prog, P po is a progression in our present sense.) 

*25351. h :Pefl. d‘P, = d‘P. E ! B‘P . 3 . Nr‘P s - Nr‘P 
Dem. 

h. *253-2. 3h: Hp.P~e 2 r . 3 . Nr'P s = Nr‘(P £ d‘P) 4- 1 
[*253-503] = Nr‘(P £ D‘P; 4- i 

[*204*461-272] = NVP (l) 

h . *213-32 . 3 h : P e 2 ,. 3 . NVP f = NVP (2) 

h . (1). (2) . 3 h . Prop 

*253-511. h : P e LI . d'P, = d‘P. ~ E! P‘P. 3 . 

NVP S = Nr ‘P + i . Nr ( P £ d‘P = NVP 

Dem. 

V . *93103 . *202-52 . 3 h : Hp. 3 . P £ D‘P = P. 

[*253503] 3 .Nr‘P[;d‘P = NVP. ( 1 ) 

[*253-2] 3. NPPs = NVP 4-1 (2) 

h . (1).(2) . 3 h. Prop 

*253-52. h : P e d . x = minP(d <P - d <P X ). 3 . 

d‘P n~P<x C d *P 1 . P “Pd = Pd . P,“Pd = Pd - PP‘P 

Dem. 

h . *205 14 . 3 h:Hp.3.d ‘P a Pd C d *P t (1) 

h . *250-242 .3 h: Hp .3 .Pd = P,d w P/‘Pd 
[*33-41.Hp] =P“~P‘x. (2) 

[*72-501.*204-7] 3. P,“Pd = Pd a d‘P, (3) 

h . (1) . 3 h : Hp . 3 . d‘P a ~P l x = d‘P a Pd a d‘P, 

[*121-305] = d‘P,APd (4) 

h . (3). (4). 3 h:Hp.3. P/'Pd = Pd a d‘P 
[*3315.*202*52] = Pd-PP‘P (5) 

h . ( 1 ). (2). (5). 3 h . Prop 
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*253 521. h : P e ft . ® e (FP - (FP,. 3 . P‘x, CFP - 6.1 
Dem . 

h. *201-66, DhsPefl.P^el.D.aea'P, (1) 

h .(1). Transp . 3 h : Hp . 3 . P‘x ~ e 1 (2) 

(-.*201-662. 3 Hp. 3. (FP~ el (3) 

h . (2). (3) . 3 (* . Prop 


*253-522. h : P £ H . x = min /((FP - (FP,) .S = P x \P t wvI\P*‘x . 3 . 

s>'(P£(fp)=p 

Dem. 

1-. *34-25-26 . *50-5-51.3 

h : Hp . 3. Si(P D (FP) = (P, f P‘*)5Pt (FPm(/ rp*v>;p u 

(p, r ipi/ rK f * ^ 7 r i p i A ■i Pi 

r*50-6-61.*150-36.*35-452] = (P, fp*x) m >Pv P £ P*‘a? a P, f P'® j P f P*‘®o 
p^iprAip,^ ^ ^ 

[*74-141.*253-52.*200-381]= (P, f P‘®)JP w P £ P*‘® u Pi | P f J?*'^ 
[*250"242.Hp] = (P, fP‘®)JPvy P £ P # ‘®u P‘®1 P fP*‘® 

[*150-36] = <P ,JP) £ P^'P'®u P £ P # ‘®a'P‘®] P rP* f ® 

[*253-5-52] = P l P‘® u P £ P/® u P‘® ] P f P#‘® 

[*35-413.*200-381] = P £ (P‘® u^‘i) 

[*202-101] = P:3K Prop 

*253 53. h : P e 0 . ® = min/((FP - (FP,). 3 . 

P 1 [P'x v I f %‘x€ {Psmof (P t (FP)} 


h . *204-7 . *200-381. 3 (-: Hp. 3. P, |“ P‘x u 7 f P/® e 1 -»1 (1) 

(-.*253-52. *50 5-52.3 


h : Hp. 3. (F(P, P‘® w 7 f P/®) = (P‘® - FP‘P) u P/® 
[*202101] = C"P-FP‘P 

[*93103] = (FP 

[*202-55.*253 521] = Q\P fc (FP) (2) 

h . *253-522.3 h : Hp. 3. (P, f P‘® c/ / ^ P/®)J(P £ (FP) = P (3) 
h . (1). (2). (3). *15111.3 V . Prop 


*253-54, h : P e fl. a ! <3‘P - (FP,. 3 . P smor P fc (FP 
Dem. 

(* . *250121.3 I-: Hp . 3 . E ! min/((PP - <FP,) (1) 

(1). *25353.3 (-.Prop 
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*25355. 

Dem. 

*25356. 

*253-57. 

Dem. 

*253571. 

Dem. 

*253*572. 

*253-573. 

*253-574. 


h : PeO . a ! <3‘P- d'P,. D . Nr‘P s = Nr ‘P+ 1 

h . *253 521 . *204-272 . D (-: Hp . D . P ~ e 2 r (1) 

h.(l). *253-54-2. Dh. Prop 

f- P e n . D : (1‘P, = <3‘P. E ! B‘P . D . Nr‘P s = Nr'P: 

~ (CPP, = (PP. E ! P‘P) . D . Nr'P, = Nr'P + i 
[*253-51-511-55] 

:Pen.a‘P,=d‘P.El B‘P.O. 

14- Nr‘P = Nr‘P 4-i - i 4- Nr‘P + Nr‘P 

h . *253-51. D h : Hp. D . Nr‘P f = Nr'P. 

[*253-21] D.1 + NPP = NPP+1. (1) 

[*253-45] D . 14 Nr‘P 4 Nr'P (2) 

h . (1) . (2) . D h . Prop 

(-: P e n . ~ (<3^ = <3‘P . E ! B‘P) . D . 1 + Nr‘P = Nr'P 


h. *253-56 . D h : Hp. D . Nr‘P r = Nr‘P4 i . 

[*253-21] D . i + Nr‘P 41= Nr ‘P + 1. 

[*181 -33] 3. i 4 Nr'P * Nr'P: D b . Prop 

h : Pen-PA.~(a f P, = a f P. E!P t P).D.l4NPP=|=NPP4i 
[*253-571-45] 

(-:.Pen.D:a t P 1 = (I t P.E!P f P. = .i4NPP4NPP 
[*253-57-571] 

|-:.Pen-pA.D:a t P 1 = a‘P.E!P t P. = .l4NPP = NPP4i 
[*253-57-572] 



*254. greater and less among well-ordered series. 
Nummary of *254. 

In the present number we have to prove that of any two well-ordered 
series one must be similar to a sectional relation of the other. From this it 
will follow that of any two unequal ordinals one must be the greater. The 
propositions of the present number are due to Cantor*. 

Our procedure is as follows. We define a relation “ RP^Q," meaning 
“R is a proper section of P , and is similar to Q,” i.e. 

RP Rm Q .~.Re D‘P S . R smor Q. 

In virtue of *253*46, if P, Q e O, P Bm e 1 —► Cls (*254'22) and 
P Km 6 l—i► ! (*254*222). Thus if S is any proper section of Q which 

is similar to some proper section of iV the proper section of P to which 
it is similar is P sr fS. It is easy to prove that P %rB } Qy £ a section of 

P ; and if D‘/ J s C G‘Q sm , i.e. if every proper section of P is similar to some 
proper section of Q, we shall have (*254261) 

P s £D‘P, = iVQ s £D‘&. 

Hence it follows (*254 27) that if, further, I)‘Qs C G‘P am , we shall have 
P s £ I>‘P r smor Q f £ D f Q s , 

i.e. by *253 25, P smor Q (*254 31). 

Thus (A) if every proper section of P is similar to some proper section of Q, 
and vice versa, then P is similar to Q. 

Consider next the case in which every proper section of P is similar 
to a proper section of Q (i.e. D ‘P s C G‘Q sm ), hut not vice versa, so that 
^ ! ]) f Q s - ([LP sm . It is easy to prove that, under this hypothesis, if 
/S'eD'Qs-d f P sm , then D'P, C Q‘)S sin (*254 32). But if S is the minimum 
(in the order (J,) of the class D‘Q S — G‘P gm , then D‘*S f C G‘P sm . Hence, 
by (A), 

S smor P (*254-321). 

Thus (M) if every proper section of P is similar to a proper section of Q, but 
not vice versa, then P is similar to a proper section of Q (*254*33). 


* Math. Annalen, Vol. 49. 
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From (B), by transposition, we find that if every proper section of P is 
similar to a proper section of Q, bnt P itself is not similar to any proper 
section of Q, then every proper section of Q is similar to a proper section 
of P, whence, by (A), P is similar t.o Q (#254-3 f). Hence, if there are 
proper sections of P which are not similar to any proper section of Q, the 
smallest of such sections (say P') must be similar to Q, since it is not itself 
similar to any proper section of Q, but all its proper sections are similar to 
proper sections of Q, Hence (C) if there are proper sections of P which are 
not similar to any proper section of Q, then there is a proper section of P 
which is similar to ?Q, i.e. 

(- : P, Q e H . ft ! D‘P S - d‘Q sxv .D.Qe CI‘P S11 , (*254*35). 

Thus either ( 1 ) ft! D‘P S — CPQ sm) in which case Qe(PP sm , or 
( 2 ) 3 ! D‘$ s - (I‘P sm> in which case Pe<I‘Q sin , or (3) D‘7\ C (I‘Q sm and 
D'Q s CQ‘P am , in which case, by (A), PsmorQ. Thus (D) if P and Q are 
any two well-ordered series, either they are similar or one is similar to a 
proper section of the other (#254"37), 

We now proceed to define one well-ordered series P as less than another 
well-ordered series Q if P is similar to a part of Q, but not to Q, i.e. we put- 

less = PQ [P, Q e n . ft ! Rl‘Q n Nr'P . ~ (P smor Q)\ Df. 

(Observe that we have R1‘Q in this definition, not I)‘Q S .) 

It follows from (D) that, P and Q being well-ordered series, if Pand Q arc 
not similar, one must be less than the other (#254'4). It follows also from 
#250-fio that if P is similar to a proper section of Q Q cannot be less than 
P (*254TS1). Hence P is less than Q when, and only when, P is similar to 
a proper section of Q, i.e. 

P less Q. = .P,Qen.Pe d‘Q sw (#254-41). 

Hence if each of two well-ordered series is similar to a part of the other, the 
two series are similar (#254 45); and in any other case, one of them is similar 
to a proper section of the other. 

From the above results we easily obtain the following propositions, which 
are useful in the ordinal theory of finite and infinite. 

#254-51. h : P less y . = . P, Q e H . R1‘P n Nv‘Q - A 

I.e. one well-ordered series is less than another when, and only when, no 
part of it is similar to the other. 

#254 52. h : P e H . a C C‘P . ft ! C‘P n p‘P“x . 2 . P l a less P 

I.e. any part of a well-ordered series which stops short of the end is less 
than the whole seiie-; 
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*254-55. I -:.Q less P. = :P,QeZl: (g J2). R smor Q. R G P . g! G‘P n p‘P“C‘R 
I.e . one well-ordered series is less than another when, and only when, it is 
similar to a part of the other which stops short of the end. 


*254 01. less = PQ {P, Qefl.gl RPQ r\ Nr‘P. (P smor 0} Df 
*25402. P sm = (D f Ps) "1 smor Df 

*254-1. b: P less Q . =. P, Q e H. g! Rl'Q Nr‘P. ~ (P smor Q) [(*254 01)] 

*254101. h:P,Q«n.PGQ.~(P smor Q ). D . P less Q [*2541] 

*254-11. b : PP Btn Q. = . R e D'P S . R smor Q [(*254 02)] 

*254111. b.P 8m ‘Q = D‘P s r»Nr‘Q [*25411] 

*25412. b :Q € (I‘P Bal . = . g I D‘P, * Nr'Q [*254111] 

*254121. b.D‘P s C<TP Bm [*25412. *152-3] 

*25413. b Psmor P'. Qsmor Q\ D : PlessQ. = . P' lessQ' 

[*15115 . *152*321 . *2541] 


*25414. hiS e D'Qs. T e'Pernor Q.D.PhSe D‘P S n NrSSf 
Dem. 


1-. *213-141.3 b : Hp. D . (g£). 0 

€sect‘Q - PA - i‘C*Q .S=Q10 

(1) 

h. *150-37 

. Dh:Hp.S = Qt<3.: 

).r>S~{T‘rQ)tT“0 


[*15111] 


= PtT“0 

(2) 

h. *212*7 . 

D b : Hp . 0 e secPQ . ! 

3 . T a 0 e sect'P 

(3) 

b . *37-43. 

D b : Hp. 0 e sect ‘Q — 

PA .D.g!T“/3 

(4) 

b. *150-22 

. D b : Hp . T“0 — C‘P 

.3.T“0=T“C‘Q: 


[*72-481] 

Db:Hp .T <( 0=C ( P 

. £ e secPQ. D . /3 = (7‘Q: 


[Transp] 

D b : Hp . 0 € sect ( Q - 

P<7*Q.D.T*^ + (^P 

(5) 

M3).(4) 

.(5).3 



b : Hp . 0 e 

secPQ — PA — i‘C‘Q . D . 

. Z^/Sesect'P-PA-PC'P 

(6) 

Ml)-(2). 

.(6).Db:Hp.D.(g«). 

a e sect‘P - PA - POP . ThS = P £ a . 

[*213141] 

D . T’>Se 

D‘P S 

(7) 

b. *151-21 

D b : Hp . D . (T'>S) 

smor 8 

(8) 

M7)-(8) 

. D b . Prop 



*254141. b: 

P smor Q . D . D‘Q S C CP 

P m .B‘P,Q(I‘Q m 


Bern. 




1 

*25412-14. Db:.Hp, 

."2:Se .D . Se d f P 9m 

(1) 


b. (1). *15114 , D b . Prop 

*254142. hEe C f P s . D . P 8m G P 8m 
Bern. 

b . *213-241 . D b : Hp . D . D‘P S C D‘P S (1) 

b . (1) . *254-11 . D b . Prop 
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*254143. (PP gin . D . C‘Q t C <PP gm 
Dem. 

h . *25412 O h : Hp O . (a-R) . R e D'P,. P smor Q . 
[*254141] Z> . (aP) . R e D‘P r . D‘Q, C (I'P BI] 

[*254142] D.D^Ca^. 

[*21316.Hp] D . Q£"(aect'Q— i‘A) C a‘P Bm . 

[*2131] D . C'Q* C (PP em Oh. Prop 

*254144 h:P = AO.P Bm = A [*213’3. *25411] 


*25415. h G J. a ! B ( P . P^ G /. D : Q e d‘P Bin . = . C"Q r C d‘P B 
Dem. 

h . *254143 . D h : Q e d‘D am . D . C‘Q , C d'P gin 

h . *213142. *211 26 O h :. Hp . a I Q O : $ e C‘Q t : 

[*22 441] D : C‘Q S C d'P^ O. Q e d‘P gI 

h. *211-18. Dh:Hp0.a!sect 4 Pr>l. 

[*200'35] D . A e P £ “(sect'P - i‘ A). 

[*21316] D . A e D 4 Pj. 

[*254-121] D.Aed‘P gm 

h . (2). (3). D h:.Hp.D : C‘Q, Cd'P Bm . D . Qe d‘P Bm 

h . (1) . (4) Oh. Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 


*25416. h :. Q smor Q'O : P 8m ‘Q = P sn /Q': Q « d 4 P gm . = . Q' e d‘P 8m 
Dem. 

h . *254111 .*152 321 O h Hp O : P s „/Q = P Bm ‘Q': (1) 

[*1312] d : a I ■ = • a i’p-ZQ' = 

[*33-41] D ; Q e d 4 P sm . = .Q' e d 4 P 8m (2) 

h . (1) . (2) O h . Prop 

*254161. h : P smor P' O . d 4 P gm = d'P' m 
Dem. 

h . *25414 . D h : Pe Pslnor P'.Se D'P'.nNr'Q O . P^e D‘P, n Nr'Q : 

[*254-12] D h : PeP smor P'.Qe d'P' gm O.Q<? d 4 P Bm : 

[*15112] D h : P smor P' O . d‘P' Bm C d‘P Bm (1) 

h . (1) . *15114 O h : P smor P'. D . CPP sm C d‘P' Bm (2) 

h . (1) . (2) O h . Prop 

*254162. h :. P smor P'. Q smor Q'. D : Qe d 4 P gm . = . Q'ed 4 P' ain 
[*254-16161] 

*254163. h : R e d‘Q Bm . D . d‘P Bm C d'& m 
Dem. 

h. *254120 h: Hp O . (&S). R smor S. Se D'Q r . 

[*254 161142] d . (a-S). d 4 P sin = d‘s m . d'&, m c a 4 Q sra . 

[*13195] D . d*R am C d‘Q sm Oh. Prop 
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SERIES 


[PART V 


*254164. b : D‘P r C <3‘Q 8ni . 3 . D‘P S - P sm “(D‘Q, a CPP 8m ) = P Bm “D<Q S 
Bern. 

b . *254-1 1.3b: Hp . R e D‘P S . 3 . (gS). S e T)<Q, . P smor >8 . 
[**254-11J 3 . (g,S0. S e D‘Q S . RP am S , 

[*37-1] 3. P e P Rm *‘D < ’Q s (1) 

b . *25411.3 b . P sm “D‘Q s C D‘P S (2) 

b . (1). (2). 3 b : Hp . 3 . D‘P S - P sn “D‘& 

[*37-26] = P sm “(D‘Q s n a *P m ) :3b. Prop 

*25417. b : P e fi . Q e D‘P S . R Q Q . 3 . ~ (Psmor P) 

Bern. 

b . *204 21.3 hPefl.EGP.fi smor P . 3 . fi e Ser . 

[*204-41] 3 .R = PtC‘R (1) 

b . *250 65 . Transp . 3 

b : P e H . P smor P . ft = P £ C‘R . 3 . ~ (ga). a e sect‘P - i‘C‘P .C‘R C a . 
[*211 133-44] 3 . ~(gQ) .^ePfc "(sect'P- i‘(7‘P) .RQQ. 

[*213141] 3.~<g<2).QeD'P 1 .ftGQ (2) 

b . (1). (2). 3 b : P e H . ft smor P.fiGP. 3 . ~ (gQ). Q e D'P S . ft G Q (3) 
b . (3). Transp .3b. Prop 

*25418. b : Q e D‘P r . 3 . ~ (P less Q) [*254-17T] 

*254181. b:Qe CI‘P sm . 3 . ~ (P less Q) 

Bern. 

b .*2541812.3 b: Hp . 3 .(gP). Psmor Q .~(P less P) . 

[*254-13] 3 . ~ (P less Q): 3b. Prop 

*254182. h : P eil . Qe D‘P S . 3 . Q less P [*254-101 . *253-421-18] 

*254 2. b : P e O . Q e CPP gm . 3 . Q less P 
Bern. 

b. *254 11,3 b : Hp . 3 .(gP). PeD'Pj. ft smor Q. 

[*254-182] 3 . (gP). R less P . Psmor Q . 

[*254-13] 3 . Q less P : 3 b . Prop 

*254 21. b : P € A . Q e U‘P sin .RdQ.ReQ.D.R less P 
Bern. 

b . *254 12.3 b : Hp . 3.(g<8, 7 T ).»S'eD‘P s . 7’ePsmorQ . 

[*151-21.*150-31] 3.(g&\ 7’;.,ST D‘P S . TeSs\nurQ.T>R &imnR.T>R(ZS. 

[*254-17 ] 3 .(g 7’). 'HR smor R . TUl GP .-(TUI smor P). 

[*151 17] 3.(g7’). 73psmorP. 73PC7 J .~(PsmorP). 

[*254-1] 3. P loss P : 3 b . Prop 
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*254-22. h : P e O . 3 . P Bm e 1 Cls 
Dem. 

t- . *254-11.3 I- RP sm Q . SP, m Q . 3 : P, S e D‘P S . R smor S 
[*25346] 3:PeH.3.P = S 

K (1). Comm .3b. Prop 

*254-221. b : P e n . 3 . <3‘P 8m C fl 
Dem. 

h .*254-12. *253 13. 3 

1-: Hp . Q e Q‘P sm . 3 • (3#, «). R = P £ a . R smor Q . 

[*250-141.*251-111] D .Qeil : 3 b . Prop 

*254-222. I- : P, Q e Cl . 3 . P sm f D‘& e 1 -► 1 
Dem. 

r . *254-11 . 3 b R (P sm [ D‘Q,) S . R (P Bm f D <Q t ) S'. 3 : 

S, S'e D‘Qr. R smor S. R smor S': 

[*253-46] 3 : Q e fl . 3 . S = S' (1) 

b . (1). Comm .3b: Hp . 3 . P gln [ D‘Q r <?Cls-»l (2) 

b.(2). *254 22 . 3 b . Prop 

*254 223. b . Cnv‘(P sm f D *Q t ) = Q sni f D‘P, 

Dem. 

b . *254-11 . 3 h : P (P sm f D'Q*) S.=.Re D *P S . S <r D'Qr. R smor S. 
[*151‘14] = . S e D‘Qj. R e D ‘P s . S smor R . 

[*254-11] = . S (Q sm p D‘P$) P : 3 b . Prop 

*254-224. b : Q e H . E ! P gm ‘S . S e D‘Q f . 3 . S = Q sm ‘P sm ‘S 
Dem. 

I- . *254-223 . 3 b :. Hp . 3 : SQ sm (P sm ‘S) . = . (P sm ‘S) P sm S (1) 
b. (1) . *30 32 . *254-22.31-. Prop 

*254-23. h:PeH.Qea‘P sm .3.P sn /0 = P(D < P J nNPg) [*254-22-111] 

*254 24. b : P, Q e n . Re D‘P, n d‘Q sm . S e RPP n D‘P f . 3 . S e d‘Q sm 
Dem. 

b .*213 24.3 b : Hp . 3 . S e D‘P t . 

[*254143.Hp] 3 . S e a‘Q sm : 3 t- . Prop 
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SERIES 


[PART V 


*254241. b P e D . Q, R e C‘P, .0:Re d‘Q stn . = . R e D ‘Q s 
Bern. 

1- . *254-121 . D b : R e D ‘Q s . D . R e d‘Q am (1) 

b . *254-14-2 . D b : Hp . Q e C‘R, .D.Q am G R sm (2) 

I- . *25342 . DhiRefl.D.R^e <l ( R sm (3) 

b . (2).(3). D b : Hp . Q e C‘Rs .D.R~e d‘Q sm (4) 

b . (4). Transp . (3). D b : Hp . R e d‘Q, m . D . Q ~ e OP*.. Q + P . 
[*213-245] D . ~ (QP S P). Q + R . 

[*213*153.Hp] D.RRsQ. 

[*213-245] D . R e D'Q» (5) 

b . (1) . (5). D b . Prop 


*254*242. I-: Q e £1. Te P smor Q . Se D'Q, . D . T’>S=P tia l S 
Bern. 

b . *25414 . D b : Hp . D . T>S e D'P, r> Nr'S . 

[*25411] D .(T'>S)P gm S. 

[*254-22.*251 111] D . PSS = P Bm 'S : D b . Prop 

*254-243. b.-Qed.Se D‘Q S . P e P smor 8. S' Q,S . D .T'>S' = P 8m ‘S' 

Pern. 

b. *213-245. *25318. D b: Hp. O.S ed. S' eDSS*. 

[*254-242] * 3.2W - P Bm ‘S' Ob. Prop 

*254-244. b :P,Qett.Se D <Q S n d‘P sm . Te {P 3m ‘S) slSor fir. S'Q f S. ^. 

t;s =p Bm ^. tw =p Bm 's'. (ra') p s (Tis) 


Bern . 

b . *254-243 . D b : Hp . R = P gn /£. D . Pifl' = R 3m ‘S' [1) 

b.*25411 . D b : Hp (1) .D.Re D‘P f . (2) 

[*254142] O.R 3m dP gm (3) 

b . (1). (3). *254-22. D b : Hp (1). D . T’>S' = P am ‘S' (4) 

b.*151-11. Db:Hp(l )O.P = TO. (5) 

[(2)] D.PJSeD^ (6) 

b . (1), (5). *254-11 . D b : Hp (1). D . T>8' e T>‘(T*S) (7) 

b . (6).(7).*213-244. D b : Hp (1). D . (T’S') P , (P»£) (8) 

b . (5). D b : Hp. D . piS = P, m 'S (9) 

b.(9).(4).(8).D b . Prop 


*254-245. b : P, Q e d . S e D'Q, n d‘P 8m . S’Q,S. D . (P^'S'yP, (P m ‘8) 
Bern. 


b . *254-22-11 . D b : Hp. D . (P Bm 'S) smor S 
b. (1). *254-244. Db.Prop 


( 1 ) 
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*254-25. b:. P, Qe D . S, S'e D‘Q S * d‘P em . D: S'Q,S . = .(P sm bS')P f (P sm ‘S) 
Dem. 


b . *254 245 . D b Hp. D : S'Q s S . D . (P tm ‘8‘) P 5 (P Bm ‘S) 
P im 'S I P >in ‘flf',P,Q 
{ ) ~S, S', Q,P 


( 1 ) 


b Hp. D : (P sm ‘S') P, (P am ‘S). D . (Q, m 'P >in 'S') Q, (Q an /P sm ‘S). 
[*254-224] D. S'Q.S (2) 

b . (1) . (2). D b . Prop 


*254-26. b : P f Q e ft . 3 . & £ (D‘Q t a d‘P sm ) = Q S J(P, £ D‘P f ) 

Dem. 

b . *254-25 . 3 b :: Hp . 3 S' (Q,£ (D'Q, n a‘P Bm )} S. = : 

S, S' e D'Q, « d‘P Bm . (P sm ‘S‘\P, (P 8m ‘S): 
[*254-22] e= : S, S' e D'Q S : ( a P, P') . PP sm S . P'P sm ,$f'. R'P,R : 
[*254-223] = : (gP, R') . SQ sm P. S'Q m R\ P, P' e D <P S . P'P S P : 
[*150-11] = : S' {Q. m S(P, t D'P,)} £ 3 b . Prop 


*254-261. b : P, Q e ft . D‘Q, C d‘P Bm . 3 . Q, £ D'Q, = Q sm ;(P, £ 

[*254-26] 

*254-27. b : P, Q e fl . D'P, C d'Q sm . D‘Q, C d'P 8tn . 3 . 

Q m r C"(P, C D‘P t ) 6 (Q s t D <Q S ) smor (P f £ D‘P S ) 

Dem. 

b . *254-222 . 3 b : Hp . 3 . Q sm [ C'(P, £ D'P,) 61 -* 1 (1) 

b . *37-41. 3 b : Hp . 3 . C‘{P , £ D'P,) C d'Q sm (2) 

b . (1). (2). *254-261. *151-22 .3b. Prop 

In virtue of the above proposition, we have, when its hypothesis is 
realized, 

(Q«DD'Q f ) 8mor(P,CD'P f ), 

whence, by *253 25, Qsmor P. 

This proposition is the converse of *254141. 

In the above proposition we take Q 8m [ C"(P, £ D'P,) as the correlator, 
rather than Q am [ D'P,, so as not to have to make an exception for the case 
when P e %. For if P e 2 r , D'P s e 1, but P, £ D'P, = A. Thus Q sm [ D'P* is 
not a correlator in this case. 

The following propositions, down to the end of the present number, are 
important, and give the foundations of the theory of inequality between well- 
ordered series and between ordinals. 
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SERIES 


[PART V 


*254*31. h:P,Qett. D*P t C CPQ sm . IP Qs C C[‘P S1]1 . D . P smor Q 
Dem. 

h . *254*27 . D h Hp . D : (P, £ 1W) smor (Q s £ I>‘Q*) : 

[*253*25] D : g ! P . g ! Q . D . /'amor Q (1) 

h . *254*144 . D 1-: Hp . P = A . D . D‘Q S = A . 

[*213*302] D.Q = A. 

[*153*101] D.Psmorf*? (2) 

Similarly h : Hp . Q = A . D . P smor Q (3) 

K (1). (2). (3) . D H . Prop 

*254*311. h P, Q e H . D : D‘P, C (PQ sni . D‘Q S C CI‘P Bm . = . P smor Q 
[*254*31*141] 

*254*32. h : P, Q e fl . D‘P, C Cl *Q am . 5 6 D‘Q, - CPP gm . D . D ( P* C CI‘,S' sm 
Dem, 

V. *254*24. DK-Hp.P.^eD'Qf.S'GP.PeCPP^O.S'eaCPs,,, (1) 

H . (1). Transp . D h : Hp . P e D‘Q S n Q'P gtn . D . ~ (S G P) . 

[*213*21] D.PQ s S. 

[*254*22*11,*213*245] D . (P 8in ‘P) smor P . P e D‘S,. 

[*254*12] I>,(P sn /P)eCPS 8ni (2) 

I-. (2). *37*61 . D H : Hp . D . P sm “(D'Q s r> CPP sm ) C <I‘£ gm . 

[*254*164] D . D‘P 5 C <I'S Bm : D K Prop 

*254*321. k-P,Q e Q.D‘P, C a‘Q Blu . S=min(&)‘(D<Q t - CL‘P sin ). D.SsmorP 
Dem. 

h . *205*14 . D h : Hp . D .~Qs‘S C (J/P^ . 

[*213*246] D.D‘&Cd f P Bm (1) 

I- ..*254*32 . D I-: Hp . D . D‘P S C CPP Bm (2) 

k (1). (2). *254*31. DK Prop 

*254*33. h : P, Q € Cl . D‘P, C d'Q SUI . g ! D‘Q S - (I‘P sm . D . P «? a<Q am 
Dem. 

V . *253*24. D h : Hp . D . E ! min (&)‘(D‘Q* - CPP sm ). 

[*254 321] D . (gS) . S e D‘Q S . S smor P . 

[*254*11] D . Ped'Q ara Oh. Prop 

*254*34. 1 -:P,Q€tt.P~ € d‘Q Blu . D‘P r C d‘Q sm . D . P smor Q 
Dem. 

V . *254*33 . Transp . D h : Hp . D . D‘Q f C CPP sm . D f P t C d'Q sm . 
[*254*31] D . P smor Q : D i-. Prop 
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*254-35. b : P, Q e Q . a ! D'Q, - <3‘P 8m . D . P e d‘Q am 

Dem. 

b ■ *253-24 . D b : Hp . D . E ! min “ d‘P g J. 

[*205-14] D . (aN). S e D‘Q s - d‘P sm ."q s ‘S C d‘P slll . 

[*213 - 24<>] D . ( a *S). Se D‘& - d‘P sm . C d'P,,,,. 

[*254-34] D . (gS). S e D*Q t . S smor P. 

[*254-11] D.Ped‘Q sm : D b . Prop 


*254-36. h : P, Q e H . a ! D‘Q, - d f P sm . D . C‘P S C d‘Q sm [*254-35143] 

*254 37. I-P, Q e -Q . D : P smor Q . v . P e <J‘Q sm . v . Q e d‘P 9m 

Deni. 

f-. *254-31 .D b:Hp . D‘P, C d‘Q gm . D'Q S C d‘P sm . D . Psmor Q (1) 
b . *25435 . D h : Hp . 3 - d‘P sm .D.Pe d‘Q sm (2) 

b . *254-35 . D h : Hp . a ! D‘P S - d‘Q sin . D . ^ e d‘P sm (3) 

b.(1).(2). (3). D b . Prop 

This proposition is the most important on the relations of two well- 
ordered series to each other’s segments. It shows that of every two 
well-ordered series which are not similar, one must be similar to a segment 
of the other. 


*254 4. 1- P, Q e H . D : P less Q . v . P smor Q . v . Q less P 

Dem. 

b.*254‘2. D I- : Hp . Pe d‘Q gm . D . P less Q (1) 

b . *254-2 . D b : Hp . Q € QbP sm . D . Q less P (2) 

b . *254-37 . D b : Hp . P ~ed'Q sin . Q~e d‘P gni . D . Psmor Q (3) 

b.(1). (2). (3) . D b . Prop 


*254-401. b P.Qefl. D : less'P = less‘Q . = . P smor Q 
Dem. 

b . *254-1 . D b : Hp . iS'P = Iei‘Q. D . ~ (P less Q).~(Q less P). 
[*254-4] D.PsmorQ (1) 

b . *254-13 . D b : Hp . P smor Q . Z>. WP = lSs f Q (2) 

b . (1) . (2). D b . Prop 


*254-41. b : P less Q . = 
Dem. 

b . *254-2 . 
b. *254-181 . 
b. *253-421 . 
[*254-11] 

b. (2). (3). *254-4. 

Ml) ■ W • 

[*254-1] 


=. p, q e n. p e d ( Q ?m . =. q e n. p e d‘<2 


D b : Q e d . P e d‘Q SI1 
Db:Qed‘P ain .D.- 
D b :Qell. ReD'Qt 

D b :Qen.Pe d‘P„, 
Db:Qed.P e d‘P 81 


. D . P less Q (1) 

• (P less Q) (2) 

. P smor P . D . ~ (P smor Q): 
1 . D . (P smor Q) (3) 

1 . D . P less Q (4) 


D b : P less Q . ~ . Q e d .Pe d‘Q gn 


= . P, Q e n . Pe d‘& ra : D b . Prop 
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[part V 

*254*42. 

b . less G J . less 2 G less 


Dew. 

1-. *254*1 . Z> h : P less Q . D . ~ (P smor Q ). 

[*151*13] D.P+Q 

h . *254*163.31 -:Re (TQ Bra . 8 e (BD sm . D . S e (I‘£ SI11 : 

(1) 


[*254*41] D h : R less Q . 8 less R . D . S loss Q 

h.(1).(2).D h . Prop 

(2) 

The relation “ less ” fails to generate a series, because it is not connected, 
two similar well-ordered series being neither greater nor less than each other. 
On the other hand, the relation Nr Mess is serial, since two similar well- 
ordered series both contribute the same term to the field of NrHess, and 
therefore connection does not fail. The relation Nr’iless will be dealt with in 

the next number. 


*254*43. 

1-: Q € a - l‘A . D . A less Q [*254*1 . *250*4 . *152*11] 


*254431. 

h . (Bless = a - i‘A . C ‘less C O 


Dew. 

b . *254*43 . D b : Q e 11 — i *A . . A less Q 

(1) 


b . *254*1. *25*13. Db:Q = A.?.Q~ e (Bless 

(2) 


b . *254*1. D b . C"less C H 

(3) 


b . (3) . (2). Transp . D b . (Bless 

(4) 


b . (1). (4). D b . (Bless = n~t‘A 

h . (3). (5) . D h . Prop 

( 5 ) 


In order to obtain CMess = Q, we need, as appears from (1) in the above 
proof, g ! fl — t‘A. In virtue of *251*7, this requires g ! 2 . By *101 *42*43, 
this holds if “ less " has its field defined as belonging to a class-type or a 
relation-type. If, however, “less” has its field defined as composed of 
individuals, the primitive propositions assumed in the present work do not 
enable us to prove g ! 2, nor therefore to prove g ! less. 

It should be observed that “less,” like “sm" and “amor,” is significant when 
it is not homogeneous ; but “(7Mess ” is only significant for homogeneous typical 
determinations of “ less," because only homogeneous relations have fields. 


*254432. h:g!2 a .= 

. g ! less n 

t w ‘a. | . = . g ! H - PA n t m ( a 


Dem. 




b . *251*7 . D h : 

W 

to 

II. 

■ g l n - pA n t^a . 

(1) 

[*254*43] 

= ■ 

■ (3$) ■ Q * {2 — i ‘A n a • A less Q . 


[*55*37] 

D 

■ (gQj . \ less Q . A l Q G T «oo'« • 


[*55*3] 

D 

. g ! less r\ t w ‘o r | 

(2) 
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f~. *35-103 . D h : 3 ! less n tja f t m f a . D . ( 3 P, Q). P less Q . P, Q € t w ‘a . 
[*254-431] D . 3 ! n - PA nt w ‘a. 

[( 1 )] 3-3 ! 2 a (3) 

h . ( 1 ) . (2) . (3). D h . Prop 

*254*433. h . 3 ! less n £ 00 *Cls f 4/Cls . 3 ! less n 2 ,/Rel | fo/Rel 
[*254 432 . *101-42-43] 


*254*434. h : 3 ! less . = . (7‘less = fl. = . B'less = A 
Dem. 

h. *250-4. *33-24. D h : 0‘less = H . D . 3 ! less (l) 

h . *93-102 . *33-24. D f-: B'less = A . D . 3 \ less ( 2 ) 

H . *254-43 . D h : Q e fl — 1 ‘A . D . A less Q (3) 

h . (3). D h : 3 ! a - i‘k . D . A * D'less . 

[*254-431] 3.A=P‘less (4) 

h. (4). *254-431 . D 1-: 3 ! fl — i* A . D . CMess = fl (5) 
1“ • (1) • (2). (4). (5) . D h . Prop 


*254*44. h : P e 6 f *'Iess . D . P'less = less'P u Nr‘P \j less */ 3 

Dem. 

V . *254-13 . D h : Hp . D . Nr'P C C‘less ( 1 ) 

V • (1). *33-152 . D h : Hp . D . less'P u NPP less'P C 0‘less (2) 

h . *254-1. D V . C‘\e ss C H . 

[*254-4] 3 h P e C‘ less . D : Q e C'less . D . Q e l2s‘P u Nr ( Pu less'P (3) 
h . (2) . (3) . D h . Prop 

*254 45. h : P, Q e XI. 3 ! RPP n NPQ . 3 ! RPQ n Nr'P. 3 . Psmor Q 

Dem. 

h . *254-42 . D h : Pies, Q.D.~(Q less P) (1) 

h . *2541 . D I- = P. C? e H . 3 ! R1‘Q n Nr ‘P . ~ (P smor Q). D . P less Q . 

[( 1 )] Z>.~(QlessP>. 

[*254-l.Transp] D . ~ 3 ! RPP n Nr‘Q (2) 

H . (2) . Transp . D h . Prop 

This proposition is the analogue, for ordinals, of the Schroder-Bernstein 
theorem. 
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*25446. b : P less Q . = . P, Q e H . a ! RPQ « Nr‘P . ~ 3 ! R1‘P a N r‘Q 

Don. 

h - *152-11 . *(il'34 . D 

I-: jP, g e n . a ! RPQ a Nr‘P. ~ 3 ! R1‘P n Nv‘Q . Z> . 

P, Q <? O . a ! Rl‘@ a Nr'P. ~ (P smor (,>). 
[*2.54'1] D. P less Q (1) 

b . *2541 45 . Transp . D 

I-: P less Q. D . P, Q € H . 3 ! R1‘Q a Nr ‘P , ~ a ! Rl‘P a Nr‘Q (2) 
h . (1). (2). D h . Prop 

*254 47. I-: P e H . D . P s = less £ C ( P t 
Dem. 

b . *213-245 . D h Hp . D : PP S Q . = . P e D‘Q S . Q e 0‘P,. 

[*254-121] D.Re(I‘Q am . 

[*254-41] D . R less C (1) 

h . *254-181 . Transp . 0 b : Hp . Q, R e C‘P S . R less Q.D.Q~e Cl ‘P 8111 . 
[*254121] O.Q~-D‘R, (2) 

H . (2). *213-25 . *254-42 . D b : Hp . Q, R e C‘P S . R less Q.D.Re D ‘Q s . 
[*213 245] D . RP f Q (3) 

h . (1). (3). 3 h . Prop 

*2545. 1 ~:.P,Qe£l.Di 

R1‘P a Nr‘Q = A . = . a ! R1‘Q a Nr'P . ~ (Psraor Q) . = . P less Q 


Dem. 

K *254-46 . Db : Hp . R1‘P a Nr‘Q = A. 3 ,~(QlessP) (1) 

1-. *61-34 . *152-11 . D 1- ■ P smor Q . D . P e R l‘P a Nr‘Q (2) 

b . (2) . Transp . D b : KPP a Nr‘Q = A . D . (Psmor Q) (3) 

H . (1). (3). *254-4 . D h : Hp . R1‘P a Nr‘Q = A . D . P less Q (4) 

1-. *254-46 . D b : P less Q.D . R1‘P a Nr‘Q = A (5) 


1- .(4). (5). D h Hp . D : RPP a Nr‘Q = A . = . P less Q. 

[*2541] = * 3 ! RPQ a NPP . ~ (P smor Q) D 1-. Prop 

*254-51. 1- : P less Q . = . P, Q e fi . RPP a Nr‘Q = A [*254-5-1] 

*254-52. 1-: P e O . a C C‘P . g ! C‘P a p<P“a . D . P £ a less P 

Dem. 

b . *250141. D I-: Hp . D . P £ a e O (1) 

h . *250'653 . D I-: Hp. D . ~ (P £ a smor P) (2) 

K(l). (2). *254 101 . D I- .Prop 
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*25453. f-:P, Qefl.QGP.g! C*P p‘P“C‘Q . D . Qless P 
Bern. 

h . *250-652 . D h : Hp . D . ~ (Q smor P) (1) 

Ml). *254-101 ■ 3 h. Prop 

*254 54. b : P,Qe a. R smor Q.EGP.giC'To pfawR . D . Q less P 
[*254-5313] 

*254-55. l-s.Q less P . =: P, Q e n: (gP) . P smor Q.R G P . a! C‘P a p‘P“C‘P 
Bern. 

I- . *254 - 41 . D h Q less P . D : P, Q e fl: (gP) . R smor Q . R e D‘R t : 
[*21318] D : P, Q «II:. gP). P smor Q.PGP.gi^P *p c< P“C‘R (1) 

I-. (1). *254-54 . D I-. Prop 



*255. GREATER AND LESS AMONG ORDINAL NUMBERS. 
Summary of *255. 

If P and Q are well-ordered series, we say that Nr ‘P is less than Nr'Q if 
P,is less than Q. Thus if y, and v are ordinal numbers, we say that y, is less 
than v if there are well-ordered series P, Q, such that /i = Nr *P and v = Nr‘Q 
and P is less than Q. In order to exclude the case where, in the type 
concerned, we have Nr‘P = A or Nr‘Q = A, we assume ^ = N 0 r‘P and 
j> = N„r‘Q. Thus we put 

y> < v . s . (gP, Q). y, = N 0 r ( P. v = N p r‘Q. P less Q, 
i.e. we put <* = N 0 riless Df. 

In order to be able to speak of Nr‘P (where the type of “Nr" is left 
ambiguous) as greater or less than N i‘Q, we put 

y, <• N PP . = . y, < N 0 r‘P Df, 

Nr‘P < ^ . N„r‘P < ju Df. 

The treatment of types proceeds, mutatis mutandis, as in *117, to which, 
together with the prefatory statement in Yol. II, the reader is referred for 
explanations. 

In virtue of *254'46 and *1171, there is a close analogy between cardinal 
and ordinal inequality. That is to say, most of the properties of cardinal 
inequality have exact analogues for ordinal inequality, and these analogues 
have analogous proofs. (In the present number, when a proposition is 
analogous to the proposition with the same decimal part in *117, and has 
an analogous proof, we shall omit the proof.) But ordinal inequality has a 
good many properties which have no analogues for cardinal inequality. The 
chief of these, upon which most of the rest depend, is 

*255112. f-:.^€N„0.:> : y, <• v . v , y, = smor“v ,v.v<-y, 

where “ N 0 O" stands for “ homogeneous ordinals," i.e. NOn N 0 R. We have 
also, what is often important, 

*25517. h : Nr‘P>Nr‘Q . = .Q less P . = . P, Q € fl. Q e (PP Bm . 

= . P, Q e n . a ! D‘P, Nr‘Q 
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so that 

*255*171. h P e 12. 3 : Nr‘P . = . ^ e Nr“D‘P s - i‘A 

and more generally, 

*255172. h :.PeX2.3; 

ft < Nr‘P. = . (get) .aC^P.glCPo p‘P“a. ^ = Nr‘P[; a . g ! p. 

As in cardinals, /a is greater than v if (and unly if) p, is the sum of v and 

an ordinal other than zero, including 1 except when i/ = 0 r (*255*33). But it 

is necessary to the truth of this proposition that the addendum should come 
after v, not before it; i.e. v + t^i> v unless u = 0 r (*255*32*321), but hj -i- v is 
often equal to v. 

If a, ft, 7 are ordinals, and ot *> we shall have 
7 + a •> 7 4- /3 (*255*561), 
aX/3>jS if a =J= 0 r . /3 =}= 0 r (*255*571), 
ax y>| 8 X 7 if y =f 0 r (*255*58), 

7 X /S *> 7 if 7 is of the form S + 1 (*255*573), 

7 X a. *> 7 x /3 if 7 is of the form 8 + i (*255*582). 

From the above propositions it follows that if a, / 3 , 7 are ordinals, 

7 + <* = y + £■ 3 . a = /3 

f*255*565, where P may be substituted for smor“£ whenever significance 
permits; cf. note to *120*51), which gives the uniqueness of subtraction 
from the end (subtraction from the beginning is not unique); 

«X 7 = / 3 X 7 - 3 .a = /9 unless 7 = 0 r (*°55*59). 
which gives the uniqueness of division by an end-factor; 

7 Xa = 7 Xj 3 . 3 .a = j 8 if 7 = 8 + i (*255*591), 
which gives the uniqueness of division by a beginning-factor of the form 

s + i. 

We do not have generally 

a, /3 ,7 e N 0 O . a < £ . 3 . a exp r 7 < # exp r 7 , 
because aexp r y and #exp r y are in general not ordinal numbers, since series 
having these numbers are in general not well-ordered. Thus the theory of 
ordinal inequality has only a restricted application to exponentiation. This 
subject cannot be adequately dealt with until we have considered finite and 
infinite series. 

If a is an ordinal, C‘ f a is the corresponding cardinal, i.e. the cardinal 
number of terms in a series whose ordinal number is a. Thus the cardinal 
numbers of classes which can be well-ordered are <7‘“NO, i.e. 

*255*7. h . Nc“C“n = C“‘NO 
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It is evident that 

*255 71. b : P less Q.D. Nc‘(7‘P ^ Nc‘P‘Q 
whence, by *254 4, 

*25573. br.P.Qcfl.D: 

Nc‘P‘P< Nc‘C"Q . v . Nc‘P‘P = Nc'C^ . v . Nc*C‘P > Nc‘P‘Q 
whence also 

*255-74. 1-a, £e C"“NO -PA.D:a<£.v.a>/9 

Thus if two classes can both be well-ordered, they either have the same 
cardinal, or the cardinal of one is less than that of the other 
We have 

*255-75. b : P Q t fl. Nc‘C‘P < Nc‘P‘Q. D . P less Q 
or, what comes to the same thing, 

*255-76. b : a, £ e NO . (7“a < C“{3 . D . a <* # 

The converse of this proposition only holds for finite ordinals. If a is an 
infinite ordinal, a 4- i always exists and is greater than a, but C iC a. — C“(a -i- 1). 
(The existence of a -b i is deduced from that of a by taking a member of a, 
and removing its first term to the end. The result is a series whose number 
is a + i, in virtue of *253’503"54.) 


*25501. 

<• = N 0 Pless 

Df 

*25502. 

> = Cnv‘< 

Df 

*255 03. 

N 0 O = NOcN„R 

Df 


Thus “ N 0 O ” means “homogeneous ordinals.” In virtue of *155"34'22, 
this is the same as “ ordinals other than A.” It is not, however, strictly 
correct to put N 0 O = NO - PA, because if the “ NO ” on the right is derived 
from an ascending Nr, it will not contain all the ordinals in the type to which 
it takes us, but only those which are not too big to be derived from the lower 
type from which “Nr” starts. Thus in this case N 0 O will be a larger class 
than NO —PA. If, however, the “Nr” from which the “NO” on the right 
is derived is homogeneous or descending, we shall have 
N 0 O = NO - PA. 

*255 04. ^ = <• a smor e £ N 0 O Df 

This definition leads to the usual meaning of “ less than or equal go.” We 
want the relation “less than or equal to” to hold only between numbers of 
the sort in question (cardinal or ordinal), and we want “equal to” to hold 
between two numbers w'hich are merely different typical determinations of a 
given number, provided neither of these typical determinations is A. That 
is, it' /x is an ordinal which is not A, smoP'/x is to be reckoned equal to /x in 
every type in wiiich it is not A. Thus if i/ = smor“/x, be. if r = smorP/x, we 
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shall reckon v equal to ft if both are ordinals and neither is A, i.e. in virtue of 
#155'34‘22, if ft, 1 / e N 0 O. This leads to the above definition. 

*255 05. ^ - Cnv‘<- Df 

*255 06. ft < Nr‘P . = .?< N 0 r‘P Df 

On this definition, compare the remarks on *117 "02. 

*255-07. Nr‘P < ft . = . N 0 r‘P < ft Df 

The following propositions (down to *255 108) merely re-state the above 
definitions. 

*255-1. h : p < i;. = . (gP, Q)./t = N Q r C P . v = N„r C Q . P less Q 
*255101. I ft < Nr ‘Q . = . ft < N 0 r‘Q 
*255102. h : Nr‘P « *. = . N 0 r‘P < v 
*255103. = 

*255-104. N 0 O . /a = smor“j/ 

*255*105. v . = : v ^ : v ft . v . p, v e N 0 O . ft = smor“y 

[*255’104 . (*255 05) . *155 44] 

*255-106. h : Nr‘P < Nr‘Q.s . N 0 r *P < N 0 r‘Q [*255-101 102] 

*255 107. h : Nr ‘P ^ Nr'Q . ~ . N 0 r‘P ^ N 0 r‘Q 

*255108. h Nr‘P ^ Nr <Q . = : N 0 r‘P < N u r‘Q . v . Nr‘P = Nr‘£ .Pefi 
[*255-107-104 . *155-16 . *152 53] 

*255-11. h : ft<zv . = . (gP, Q) • P,Q e Q . /t = N 0 r‘P . v — N 0 r‘(,>. 

3 ! R1‘Q r\ Nr‘P. ~ a ! R1‘P r> Nr ‘Q [*255 - l . *254 46] 

*255-111. h : ft > v . = . (aP. Q) ■ P, Q € H . ft = N 0 r *P . v = N 0 r‘Q. 

a ! R1‘P A Nr‘Q . ~ g ! Rl<( 3 Nr‘P [*255-11-103] 
This proposition is exactly analogous to *117 1, except for the addition 
PyQeCL. Hence except where this addition is relevant, the analogues of the 
propositions of *117 follow by analogous proofs. Such analogues will be 
given without proof in what follows, and will have the same decimal part 
as the corresponding propositions in *117. Where proofs are given, there 
are no analogues in *117, or else the method of proof is not analogous. 

*255-112. h /i^eNjO . D : ft < v . v . ft = smor'fi . v . v < ft 
Dem. 

h . *255-1 . *254-4 . D h Hp . D : 

ft<$v.v .v<Z/t.v . (gP, Q). P,Q etl. ft = N- r< P . v = N 0 r‘Q . P smor Q : 
[*1554.*152 - 321] 

Dift<:v.v.if<-ft.v. (gP, Q) - ft = N 0 r‘P . Nr‘P= Nr‘Q . Nr‘Q = smor“v : 
[*15516] 

D:ft<-v.v.v<ft.v. (gP, Q) . ft = N 0 r‘P . N 0 r‘P = N r‘Q . N r <Q = smor'V : 
[*13'17] 3 : ft <i/ .v . v <* ft . v . ft = smor“u D h . Prop 
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*255113. I-P, Q e H. D : Nr ‘P <* Nr‘Q . v . Nr‘P = Nr‘Q . v . Nr‘Q < Nr‘P 
Dem. 

h. *255112106. DH.Hp.D: 

Nr‘P < Nr‘Q . v . N 0 r‘P = smor“N 0 r‘Q . v . N r‘Q < Nr‘P: 
f*155‘416] D : Nr‘P < N r‘Q . v . Nr‘P = Nr‘Q . v . Nr‘Q < Nr‘PD h . Prop 
*255114. h ve N 0 O ,D t .v *v </*:/i&v .v .v$> p 

[*255112104105103] 

*255115. \~:.P,QeCl.O: NPP^ Nr‘Q .v. Nr‘Q < Nr‘P: 

Nr‘P ^ Nr‘Q. v. Nr‘Q > Nr‘P [*255113 108] 

*25512. I -fi > v . = : ^ veN 0 O : 

Petx.Qev.Dp'Q.nl RI‘P a Nr‘Q . ~ a ! m ‘Q «.Nr‘P 
*255121. = v€ N 0 O : 

P e/ 4 .D P .(aQ).Q€ V . 3 !Rl i PANPQ.- a !Rl f QANPP 
*25513. h : Nr‘P > Nr‘Q . = . P, Q e il. a ! R 1 ‘P a Nr‘Q . - a ! R1‘Q a Nr‘P 

*255131. h : Nr‘P > Nr‘Q. ~ . Nr‘P ^ Nr‘Q . Nr‘P 4= Nr‘Q 
[*25513. *25415] 

*25514. h : p > i/. = .(aP, Q). P, Qe H. ^ = N 0 r‘P. v = N 0 r‘Q . Nr‘P> Nr‘Q 
*255141. smor“v [*25513114] 

*25515. h : /m *> v. = . p, i/eN 0 O. a - s‘RPV r,smort<1 ' ■ ~ 3- s'Rl'^ABmor'y 
*25516. h :. /a, j/ e N 0 O . D : 

fi > j/. = . smor“/it *> v . = . fi £> smor“j/. = . smor‘ f ^ *> smor“i» 
*25517. h : Nr‘P > NVQ . = . Q less P. = . P, Q e a . Qe(TP 8m . 

= . P, Q 6 n . a ! D‘P, A Nr‘Q 

Dem. 

I-. *25513 . *254-46 .0 V : Nr‘P > Nr‘Q . = . Q less P . (1) 

[*254-41] = .P,Qen.Qe(I‘P sm . (2) 

[*254-12] = . P, Q e a . a ! D‘P s a Nr‘Q (3) 

I". (1). (2). (3). D h . Prop 

*255171. h.Pefi.D :/i < Nr‘P . = . p e Nr“D‘P s - i<A 
Devi. 

V . *255-14 . D h Hp . D : /a < Nr‘P . = . ( 3 $) . p = N 0 r‘Q . Nr‘Q < Nr‘P. 
[*255-17] = . (gQ). p = N„r‘Q . Q e H . a ! 1PP S a Nr‘Q . 

[*1521] = . (aQ, P) • p = N 0 r l Q . Qe fl .Q smor R. Re D‘P S . 

[*152 35.*155 16] = . ( 3 P) * m = Nr‘P . ReD.. R e D‘P S . a • H- • 

[*25318.*37 6 ] = . p e Ni “D ‘P s - t ( A 3 h . Prop 
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*255172. h :.Pen.3: 

fi < Nr ‘P . = . (ga) . aCC‘P . g ! C‘P r» p‘P“a . /z = Nr‘P£ a . g ! fj, 

Dem. 

f-. *211703 . *213141. D 

h:QeD‘P $ .D.(>- d CL).aCC‘P.R\C‘Pnp‘P“a.Q = Pta (1) 
h -(1).*255-171 .Dh:Hp.^<NPP.D. 

(ga). a C C‘P . g ! C‘P r>p e P“a.. p = NVP£ a. g ! g, (2) 
h . *250-653 . *254-47 . D 

h : Hp. a C C*P . g ! C C P « p‘P‘a .D.P£ a less P. 

[*255-17] D.Nr‘P£a<Nr‘P (3) 

h . (2) . (3). D h . Prop 
*255173. b:.Pefi.D: 

Nr‘() <; Nr‘P . = . (ga). a C C‘P . g ! C‘P r\ p*P“a . Q smor (P£ a) 

Devi. 

h. *255-172-102. *155-22. D 

h:.Hp.D:Nr‘Q< Nr ‘P. = .(ga).a C C‘P. g! C‘Pnp (4 P“a . N 0 r‘Q = Nr‘P£ a . 
[*152-35.*155-22] = .(ga). a C C‘P. g ! C ( P np‘P~“a.Q smor (P£ a): D h. Prop 
*255174. h : Nr‘Q < Nr‘P . = . P e H . Nr‘Q e Nr“D‘P* 

Dem. 

h. *255 171-102-13. D 

h Ni»Q < Nr‘P . = :Pea. N 0 r‘Q eNr“D‘P s - PA : 

[*37-6.*155-22] (gP) . P e D‘P S . N 0 r‘Q = Nr‘P : 

[*155*16] = : P e O : (gP). P e D‘P S . NriQ = NPP : 

[*37-6] = : P e Q . Nr‘Q e Nr“D‘P s D h . Prop 

*255175. h:Nr f Q^Nr f P. = .PeO.Nr f QeNP‘(D‘P s u PP) [*255 174 108] 
*255176. h :. g ! P . D : Nr‘Q < Nr‘P . = . P e 12 . NPQ e Nr‘C"P s 
[*213-158. *255*175] 

*255-21. h : Nr‘P<* NriQ . = . P,Q e II.RPPaNPQ =A [*254 51 . *25517} 
This proposition has no analogue in cardinals, because it depends upon 
*254-4. In cardinals, if Cl‘anNc‘/3 =A, it does not follow that g! CP/9nNc‘a, 
so that Nc‘a may be neither less than, nor equal to, nor greater tlun NV/3. 

*255-211. 1-P, Q € H. 3 : g! R1 ‘Pa Nr‘Q. g ! R1‘Q a Nr‘P. = . Nr f P= Nr ‘Q 
[*25445] 

This proposition is the ordinal analogue of the Schroder-Bernstein theorem. 
If P and Q are series which may be not well-ordered, the proposition fails. 
Thus e.g. the series of rationals is like the series of proper fractions, which is 
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a part of the series of rationals > 0 and ^ 1 , and this latter series is part of 
the series of rationals, but is not similar to the series of rationals, since it has 
a last term, which the series of rationals has not. 

*255 22. h : P, Q e H . g ! Rl‘P a Nr ‘Q . = . Nr‘P ^ Nr'Q 
*255221. h Nr'P ^ Nr *Q . = :P,Qei 1 : (gP) . P G P . P smor Q 
*255222. h:QQP.P, QeSl.D. Nr ‘P ^ Nr%> 

*255 23. h : Nr‘P ^ Nr‘Q . Nr‘Q Nr‘P . = . P, Q e XI . Nr f P = Nr‘Q 

*255-24. h : p y* v . = . (gP, Q) . /* = N 0 r‘P . v = N 0 r‘Q . Nr‘P ^ Nr‘Q 

*255 241. Y:^v. = .(gP, Q)-p = N 0 r‘P . i/ = N 0 r‘Q .P,Q<? fl. g ! Rl‘Pn Nr'Q 
*255-242. (■:. f i 1 reNO.D:^^r.s. (gP, Q).Pe /ti .Qei/.g! R1‘P a NVQ 
*255 243. h /a ^ i/. = : 

(gP, Q): P,Q e £1 . fj, = N 0 r‘P . p = N 0 r‘Q : (gP). R G P . P smor Q 
*255 244. h fj,,v€ N 0 O . D : 

fj, ^ v . = . smor (f j» ^ v . = . (i ^ smor“i/. = . smor“/a ^ smor“v 
*255-25. V fi^v .v^ . fj>,v€ N 0 O . smor“/z = smor“v 

*255 27. h :*Nr‘P < Nr‘Q .■= . Nr‘P < N r‘Q . Nr‘P 4 = Nr‘Q 

*255 28. h : Nr‘P > N r‘Q . = . Nr ‘P p? Nr‘Q . ~ (N r‘Q ps Nr‘P). 

= .P,Q € fl.~(N r ‘Q>Nr‘P) [*25513*22-21] 
*255*281. [*255-114] 

*255-29. h : NVP < Nr‘Q . = . Nr‘P ^ Nr‘Q . ~ (Nr‘Q ^ Nr‘P). 

= . P, Q e 11. ~ (NPQ ^ Nr‘P) [*255-115] 
*255-291. h/i<i'. = ./i^j'.~(t'^ J it).s./i, ) i/eN 0 O.~(i/^^) [*255'114] 
In the following proposition, we employ an abbreviation which is justified 
by its convenience, namely we put 

(g®) . ® e NO u t‘i . Nr‘P = Nr‘Q 4- w 

instead of 

(g®) . ® € NO . Nr‘P = Nr‘Q + ® . v . Nr‘P = Nr‘Q 4* 1. 

Id virtue of *51-239, these two expressions would be equivalent if i had any 
independent meaning; but as i is only significant as an addendum, *51-239 
cannot be applied. We will, however, adopt the following definitions: 

*255-298. (g®).®e^ut‘i./(/A + ®). = :(g®-).®-e^./(/a + ®).v ./(^a-j-i) Df 
*255-299. ® u t‘i . D w ./(/a 4-®). = : ® e *. ./(ya-j-®) :/(/x + i) Df 

These definitions enable us to state many propositions, in which 1 occurs, 
as though 1 were an ordinal number. 
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*255-3. h:.Nr'i > >Nr'Q.s:P > Qen:(aw).iireNO w t‘i.Nr‘P=Nr‘Q+ w 
Dem. 

K *255*175. *253*471.3 

h Nr'P ^ Nr‘Q. = : P € ft : ( a w). Nr‘Q + w = Nr‘P . v . Nr‘Q + i = Nr‘P : 
[*251*132*26] = : P e fi : (gw). Nr‘Q, w € NO . Nr‘Q + w = Nr‘P . v . 

Nr‘Q € NO . Nr‘Q + i = Nr'P : 

[*251-1-111] ~:P,Qen: ( 3 w) .weNO . Nr *Q 4- w = Nr ‘P . v . 

Nr'Q + i = Nr'P: 

[(*255-298)] = : P, g e 12 : (aw). w e NO w . Nr ( P = Nr f Q+ w 3 h . Prop 

*255*31 h fi^fv . = fi,v e N 0 O : (gw). w e NO v pi . /j, = v + v? 

[*255-3-14] 


*?55'32. t- v, w e N 0 O .3:^4-«->^, = .CT=|=0 r 

Dem, 

K *253-44. 3 h :Hp.w4=0 r . 3 - » +1 + w (1) 

H. *255*31. 3 h : Hp. 3 . j» + w ^ v (2) 

K (1) . (2). *255 141.3 h : Hp. w =f= 0 r . 3 . v 4- w > v (3) 

h . *255*141 . 3 t-: Hp .i' + w*>i'.3.i;4‘W=j= smor“v . 

[*180*6] 3. CT +0 r (4) 

K (3). (4). 3 h . Prop 


*255*321. h v e N 0 O . 3 i ^ =^= 0 r . hs . v -+■ 1 *> 

Dem. 

h . *253*45 . 3 h : Hp . v 4 0 r . 3 . v+ i 4= v (1) 

V . *255*31 . 3b: Hp . 3 . v + i ^ v (2) 

b . (1). (2). *255*141.3b: Hp . v 4= 0 r . 3 . v 4- i •> v (3) 

I- . *255*141 . 3b: Hp . z> +1 •> v . 3 . v +1 4 s smor^v . 

[*161*2] 3.**0, (4) 

b . (3). (4). 3 b . Prop 


*255*33. b At •> v . ~ : 

At, v e N 0 O : (gw). e no - i c o r ./i=i'+w.v.i' 4 = o»-*/t = i , 4“i 

Dem. 

K *255*31.3 

fi>> v . = i fj,,v e N 0 O: (gw) .weNO.At=^ + 'CT.At*>v.v.At = ^-i-i*A t 5>» / : 
[*25532*321] 

S : At, y e N 0 O : (aw). weNO - P0 r . At = f + w . v . =j= 0 r ■ a* — " + 1 : • 3 b. Prop 


r. & w. III. 
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SERIES 


[PART V 


*255 4. F:/x^j;.*;^to.D./x^to 

*25541. 

*25542. I-. ~ (/x •> fi ). ~ (/x <• ji) 

*25543. F : /x ^ v . ~ (/x ^ to) . D . ~ ^ ■cr) 

*255431. F :/x^ v . to e N 0 O . ~(/x^ to) . D . to 5 > y [*255-43"114] 
*25544. F : x 1 ^ to . ~ (/x to) . I) . ^ (/x y) 

*255441. F : v ^ to . /x e N 0 O . (/x ^ to) . D . v •> /x [*25544-114] 

*25545. f-:/x^v.^*>TO.D./x5>TO 

*25546. h:/i>2J.i'^TO.D. J u>w 

*255 47. h:/x>i;.y>>TO.D./x£>TO 

*255471. h:/x<-y.^<-TO.D./x<-TO 

*255482. ye N 0 O . ^ (v •> /x) 

*255483. h:/x^y. = ./x,ve N 0 O . (z> <• /x) 

*255'5. F : /x e N 0 O . = . /x ^ O r 
Dem. 

F . *255-31.3F:./i^O r . = :/ie N 0 O : (3 to) . to e NO u t f i . /x = 0 ,. + to : 
[*180-61] = :/xeN 0 O:.D F . Prop 

*255-51. F:/xeN 0 O^t f 0 r . = .M>0 r [*255 141 5 .*153*15] 

*25552. F :PeO-t‘A.= .Nr‘P^2 r 

Dem. 

F . *25013 . D F : P e H - t‘A . D . E ! P‘P. 

[*93-101] D.fe).(P^P)Py.P‘P*y, 

[*56-11.*55 3] D . (gy). (P f P) j y e 2 r a RPP . 

[*13-195] D . a ! 2 r a R1‘P . 

[*255-22] D.Nr‘P^2 r (1) 

F . *255 22 . D F : Nr'P ^ 2 r . D . P e 12 . a ! 2, n RHP . 

[*61-361] D.Pefl- i‘A (2) 

F . (1). (2). D F . Prop 

*255-53. F :/ xeN 0 O-t‘0 r .~ ./x^2, [*255'52] 

*255 54. F:.2 r ^/x. = :/x = 0 r .v./x = 2 } . 

Dem. 

F . *255-53 . Transp . *255 281 .DF:2 r >^. = ./x = 0 
F.(l). *255-105. DF. Prop 


( 1 ) 
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*255*55. !-: /i 5 > 2 r . = . /i e N 0 O — i' 0 r — i l< 2 r 
Dem. 

b . *255’54 . Transp . *255-281 . 3 
b : p •> 2 r . = . fi e N 0 O . fi ={= 0 r . fi =|= 2 r : 3 b , Prop 

*255-56. b : R e H . Nr‘P > Nr ‘Q . 3 . Nr‘P 4- Nr‘P > Nr‘P + Nr ‘Q 
Dem. 

b . *255-3 . 3 b Hp . 3 : P, Q, R e U : (gw) . sr e NO v i‘\ . Nr ( P = Nr ‘Q + o-: 
[*180'56] 

3:P,(2,ieen:(aw). sreNOu t‘l . Nr‘P4-Nr‘P = (Nr‘P4-Nr‘Q)4-^: 
[*255-31.*251-26] 3 : Nr‘P4-Nr f P > Nr‘P4-Nr‘Q 3 b . Prop 

*255*561. b : 7 e N 0 O . « 5>/S . D . 7 +a •> 7 + /3 [*255*56] 

*255 562. b : R e n . Nr‘P ^ NPQ. 3 . Nr‘P + Nr‘P ^ N r‘R + Nr C Q 
Dem . 

b . *180-3 .3b: Nr f P = Nr'Q . 3 . NrhR4-Nr‘P= Nr‘P4-Nr‘Q (I) 

b.(l). *255-108-56.3 

b Hp . 3 : NrhR 4- Nr f P > Nr‘P + Nr‘£ . v . Nr‘P + Nr‘P = Nr ‘R + Nr ( Q: 
[*255-108] 3 : Nr‘P + NPP ^ Nr‘P + NPQ 3 b . Prop 

*255-563. b:7eN 0 O.a^/3.3.7 + «^7 + /3 [*255-562] 

*255 564. b : P, It e Q . Nr‘P 4- Nr f P = Nr f P 4- Nr‘Q . 3 . Nr‘P - Nr‘Q 
Dem. 

b . *25542.3 b : Hp . 3 . ~ (Nr f P + Nr‘P > Nr‘P 4- Nr‘Q). 

[*255*56.Transp] 3 . ~ (Nr‘P *> Nr‘Q) (1) 

Similarly b : Hp . 3 . ~ (Nr‘Q > Nr‘P) ( 2 ) 

b.(l). (2). *255-113.3 b. Prop 

This proposition establishes the uniqueness of subtraction from the end. 
Owing to the fact that ordinal addition is not commutative, we have to 
distinguish "subtraction from the end” from “subtraction from the 
beginning.” They may be called terminal and initial subtraction re¬ 
spectively. Thus by the above proposition, terminal subtraction among 
ordinals is unique. This does not hold in general for initial subtraction 
among ordinals. 

*255-565. b : a, / 3 , y e N 0 O . 7 4- a = 7 4-/3 - 3 . a= smor“/3 [*255‘56.4] 

The above proposition is still true if we put a = /3 instead of a=smor“/3 
in the conclusion, but in that case it is only significant when a and /3 are of 
the same type, whereas in the above form it is free from this limitation. 
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SERrES 


[part V 


*25557. F : P, Qe fl — A . D . Qless(P x Q). Nr f Q < Nr'Px Nr'Q 


Dem. 

F. *250*13. DF:Hp.D,E!P‘P. (1) 

[*165-251] D . Q smor Q ^ (5‘P) (2) 

F (I).*166-1. DI-:Hp.D.Q 3 KP f P)GPxQ (3) 

F . (1). *93-101. D F : Hp. D . (g#). (5‘P) Px (4) 


F . *166*113 . D F :(5‘P) Px.ReC‘Ql (. B‘P).y e C‘Q.3.R(PxQ) (y j x) (5) 
b . (5). (4) . *33-24 . *166-12 . *113-106 . D 

H:.Hp.D:(a^y):i2«Cf'g^(5'P).Da.B(PxQ)(y| a; ):y| a rea'(PxQ) ( 6 ) 
I-. (2). (3). ( 6 ). D F : Hp . D . 

Q l (.5‘P) smor Q.Q| (5‘P ) G P x Q. g ! C‘(P x Q) n p‘*P^Q“C‘Q j ( B‘P). 
[*254-54] D . Q less (P x Q) (7) 

F . (7). *25517 . D b . Prop 

*255-571. H:a,/36.N 0 O-t‘0 r . D ./3 < a */3 [*255*57] 

*255-572. F : P, Q e O - 1‘ A. E! 5‘P. 0. P less (PxQ). Nr‘P < Nr' P X Nr'Q 
Dem. 

F. *25013. D b : Hp . D . E! B‘Q . ( 1 ) 

[*166111] D.(J?‘Q)|;PGPxQ ( 2 ) 

b . *151 -64 . ( 1 ) . D b : Hp. D . (5'Q) | »P smor P ( 3 ) 

b . *202-511. D F Hp . D : 5‘Pep‘P“I)‘P : 

[*166-111] D : x e D'P . y e CI‘Q . D . {(5‘Q) J, a?} (PxQ) {y j (5‘P)j (4) 

b . *202-511. D F Hp . D : B‘Q ep<Q“a ( Q : 

[*166-111] D :a = 5‘P . y € CI‘Q. D . ((5‘Q) |«)(Px Q) {y J, (5‘P)} ( 5 ) 

F . (4). (5). D h Hp. D : C‘P . y e a ‘Q.D. |(J?‘Q) J, (PxQ) {y i(P'P)}: 
[*150-22] D :MeC‘(B‘Q ) J, JP. 3 / eCI‘Q. D . if (P x Q) {y | (5‘P)} : 

[Hp.*33-24.*166-lll] 

D:(gtf):e C‘(PxQ):JlfeC"(P'Q) > |,JP.D jlf .^(PxQ)iV r ( 6 ) 
F . ( 2 ). (3). ( 6 ). *254-54. D F : Hp. D . P less (P x Q) (7) 

F. (7). *255-17 . DF. Prop 

*255-573. F N 0 O-i‘ 0 ,.: ( 37 ) . 7 e NO-t'O^ul'i .a = 7 + i:D.a<aX/3 
Dem . 

F . *204*483 . D F : Hp . D . (gP, Q). a = N 0 r‘P . £ = N 0 r‘Q. g ! 5‘P ( 1 ) 

F . (1). *255-572. D F . Prop 
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$255*58. (-: 7 c N 0 O — t‘0 r .a»>/3.D.aX7*>/3X7 
Dem. 

I- . $255*31. 3 

4 :. Hp . 3 : (gw) . weNO - i‘Q r .a = /3 + sr.v./3=|=O r .a = /34-i ( 1 ) 

h. $184-35. Dha = /3 + ©.D.aX 7 = (/9X7) + (®X 7 ) (2) 

K$184-16. Dh : Hp.CT 4=0,.. D.'ctX 7 4 : 0 ) . (3) 

4. (2). (3). $255-32.3 4: Hp . t* e NO - • « =/U w.3.a* 7 > £x 7 ( 4 ) 
4 . $184 41 . Dh:Hp.a = /34-i-^.aX7 = (^X 7 ) + 7 . 

[$255-32] D.aX7>/9X7 (5) 

1-. (1). (4). (5). 3 4 . Prop 


$255-581. 4:P e f2.E!P‘P.QlessP.3. 

PxQ less P x R . Nr‘P x Nr‘Q < Nr‘P * Nr ‘R 

Dem, 

4 . $254-55 . 3 4 : Hp . 3 . (gS) . 8 smor Q. 8 GR. <& \ C‘R n p‘R“C‘S ( 1 ) 
I-. $16611 .34:SGP.3.PxSGPxP ( 2 ) 

1 -. $1662:3. 3 4 : S smor Q.D.Px 8 smor PxQ (3) 

4 . $202-524 . $4053 . 3 4 :. Hp . z e G‘P .w e C‘8. y e G‘R * p‘PL“G‘S . 3 : 

zP(B‘P).v.z = B‘P:wRyi 

[$166113] D:(m;^)(PxH) {i/| (B‘P) ] (4) 

4 . (4). $166111. 3 4 Hp . y e C e R rsp‘R“G ( S . 3 : 

M e G‘{P xS).3 m .M(Px R) [y j (P‘P)} (5) 

4 . (5). $10-28.34:. Hp. g ! C‘R a p‘P“C"S. 3 : 

(&N ): Xe G ( (P X R ): MeC‘(P x8).l M . M(P xR)N ( 6 ) 
4 . (2). (3). ( 6 ). 3 4 :. Hp. 8 smor Q . 8 G R . 3 ! G‘R rsp‘* R“C‘8 . 3 : 

(P x $) smor (P xQ).PxSGPxP.g! C‘(P x P) np‘P x R“G‘(P x S ): 
[$254-54] 3. P x Q less PxR (?) 

4 . (1). (7). 3 4 : Hp . 3 . P x Q less P x R ( 8 ) 

4 . ( 8 ). $255-17.34. Prop 

$255-582, 4 a e N 0 O : (g$) . 8 e NO - t‘ 0 r ut‘i.a = S+i:£<7:3- 

aX/3<aX 7 [$255*581. $204-483] 


$255*59. 4 : a, /3, 7 e N 0 O . 7 =$= 0 r .aX 7 = $X7-3.a = smor“/3 
Dem. 


4 . $255*58 . Transp .34: Hp . 3 . ~ (a > ft) . ~ (a <; @) . 
[$255 112] 3 . a = smor “/3 : 3 4 . Prop 
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[PART V 


This proposition establishes the uniqueness of terminal division, i.e. 
division by an end-factor. Initial division (i.e. division by a beginning- 
factor) is only unique if the divisor is of the form 8 + 1 - 

*255*591. F :. a, 0 ,7 e N 0 O : ( 3 $). 8 e NO - 0 r w t‘i . a = 8 + i : 

aX/3 = aX 70./3 = smor “ 7 [*255*582*112] 

*255*6. F : Nr‘P > Nr‘Q . D . i + Nr‘P > 1 + Nr ‘Q 
Bern. 

1- .*255*33 . D h Hp. D : (gw). weNO-i‘O r . Nr f P = Nr‘Q-f sr. v. 

Nr‘P + 0 r . Nr f P = Nr‘Q + i : 

[*181*55] D : (gw) . ® e NO - 1 % . 1 + Nr‘P = (i + Nr‘Q) + w . v . 

Nr‘P 4 = 0 r . 1 + Nr‘P = (1 -i- Nr‘Q) + i : 
[*255*33] D:l + Nr‘P > i+Nr‘Q:. D F . Prop 

*255*601. b : Nr'P > N r‘Q . = . H Nr ( P > 1 + Nr'Q 
Deni. 

b . *255*6 . *255*103 . D 

1-: Nr‘P < N t‘Q . D . i + Nr‘P < 1 + Nr‘Q ( 1 ) 

I-. ( 1 ). *255*108 . D h : Nr‘P ^ Nr‘Q . D . i + Nr‘P ^ 1 + Nr‘$ ( 2 ) 

F.( 2 ). Transp . *251*142 . D 

b : i + Nr ‘P, i + Nr *Q e NO . ~ (i + Nr‘P ^ 1 + Nr ‘Q ). D . 

NPP, Nr'Q e NO. ~ (Nr‘P ^ N r‘Q) (3) 
b . (3). *255*281. D F : 1 + Nr‘P •> i + Nr‘Q . D . Nr‘P > Nr f Q (4) 

F . (4). *255*6 . D F . Prop 

*255*61. F :Q,R e Q. Nr‘P = Nr‘Q + Nr‘P . CPP, = CI‘P.E \ B‘R.3. 

Nr‘P + i > Nr f Q + i 

Dem. 

F . *253*57 . D F : Hp . D . Nr‘P + i = Nr C Q +1 + Nr f P. 

[*255*32] D . Nr‘P + 1 > Nr‘Q + i : D F . Prop 

*255*62. F : Q,ReCl. Nr ( P = Nr‘Q + NPP.Nr‘P 4 = 0,. 

~(a f P 1 = =a f P.E!P f P).D. 
Nr‘P>Nr‘Q + l . Ni‘P +1 > Nr f Q + i 

Dem. 

F . *253*571 . D F : Hp . D . Nr‘P = Nr‘Q+1 + Nr‘P . 

[*255*32] D.Nr‘P>Nr‘Q-f-l . ( 1 ) 

[*255*321] D.Nr‘P-i-1 >Nr‘Q + i ( 2 ) 

F . ( 1 ). ( 2 ). D F . Prop 
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*255-63. b : Nr‘P > Nr‘Q . D . Nr ( P + i > Nr'Q -i- i 
Dem. 

I-. *255-33 . D h Hp . D : (gP) . Nr *R * 0 r . Nr‘P = Nr‘Q + Nr‘P . v . 

Nr‘Q=j=0 r .Nr‘P = Nr‘Q4-i: 

[*255-62-321] D : Nr'P + i > Nr‘Q+i D h . Prop 

*255-64. h : Nr‘P > Nr ‘Q . = . Nr‘P + i > Nr‘Q + i 
Dem. 

b . *255-63-103 . D h : Nr‘P < Nr'Q . D . Nr‘P + i < Nr ‘Q +1 ( 1 ) 

b. *181-31. DH : Nr‘P = Nr‘Q. D . Nr‘P-i-1 = Nr‘Q+i (2) 

l-. (1). (2). *255-113 . D h : P, Q e ft . ~ (Nr‘P > Nr‘Q). D . 

Nr'P + i<Nr'Q+i. 

[*255-483] D.~(Nr‘P + i>Nr‘Q + i) (3) 

b . *251-132 . D b : - (P, Q e ft) . Z> . ~ (Nr‘P + 1, Nr‘Q+ i e NR). 

[*255-12] D.~(Nr'P-i-i>Nr‘Q + i) (4) 

b . (3). (4). D h : ~ (Nr‘P > Nr‘Q) . D . ~ (Nr'P + i > Nr‘Q + i) (5) 

b . (5). *255-63 . D h . Prop 

*255"65. hp, e N 0 O — i ( Q r .D:v*>p.= .i'^p-i-i 
Dem. 

b . *255'33 . D b v •> fi. D : (a®) .®eNO - P 0 r . v = fi + iz .v .v = fi + 1 ( 1 ) 
f-. *255 53-31 . D 

b Hp . w e NO — P0 r . v — fi -j- tsr . D : (gp) .peNOut'i ,v = p, + 2 + p: 

[*181-56] D : (gp) . p e NO u ift . v = p + i + i + p : 

[(*255-298)] D:v«/i + i-i-i.v.p = p + i + i+i.v. 

(gp). p eNO- P0 r .v = /i+ 1 + i +p ■ 
[*255-33] D:*/>p + i (2) 

P . (1). (2). 3b:v>p,.3.v^fi + i (3) 

h . *255-45-321 . D h : Hp . p +1 . D . i, > p, (4) 

b . (3). (4) . D b . Prop 

The following propositions are concerned with the relations of ordinals to 
the corresponding cardinals, i.e. to the cardinals of the fields of well-ordered 
series having the given ordinals. If P is a well-ordered series whose ordinal 
is or, C e ‘a = Nc ‘C‘P, so that C li <x is a cardinal whose members can be well- 
ordered. Such cardinals have the property that of any two which are not 
equal, one must be the greater. 

If the cardinal number of one series is greater than that of another, so 
is the ordinal number ; but the converse does not hold except for finite 
numbers. 
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[PART V 


*2557. f-. Nc“(7“fl = (7 f “N0 [*1527 . (*251-01)] 

*255701. b . Nc“C“fl — PA=(7“ 4 (NO—PA)=P“ 4 NO —PA [*2557 .*37 45] 

*255-71. b : P less Q . D . Nc <C‘P < Nc‘(7‘Q 

Bern, 

I-. *254’1. D V : Hp . D . a ! Rl‘Q n N r‘P. 

[*1541] D . g ! CPO'Q n Nc‘(7‘P. 

[*117-22] D . Nc ( G ( P < Nc‘(7‘Q: D h . Prop 

*255-711. b : Nr ( P < Nr'Q . D. Nc‘(7‘P < Nc‘C‘£ 

[Proof as in *25571, using *255-22] 

*255-72. b : a ^ 0 . D . <7“a < 

Dem. 

b . *255-24 . D h : Hp . D . (gP, Q ). a = N 0 r‘P . /3 = N„r^ . Nr‘P<; NPQ , 
[*255-711] D . (gP,Q).«=* N„PP .0 = N 0 r‘Q.Nc'C'P ^ Kc‘C‘Q . 

[*1527] D. C“a < C7“/9: D h . Prop 

*25573. f:.P,Qell.D: 

Nc f (7‘P < Nc ‘C‘Q . v . Nc‘a‘P = Nc‘C‘£ . v. Nc‘C‘P> Nc‘C‘$ 

Dem. 

I-. *255-711 . D r : Hp . Nr‘P ^ Nr‘Q. D . Nc'P'P < Nc‘C‘Q (1) 

K *25571. D b : Hp . Nr‘Q < NPP. D . Nc‘C*Q < Nc‘(7‘P (2) 

K (1). (2). *255-115.3 h. Prop 

*25574. b «, $ e (7 4 “NO — PA .D:a^/0.v.a> / 8 
Dem. 

b . *255701 . 3 t-: Hp . 3 . or, /3 e C‘“(NO - PA) . 

[*155-34] 3 . (gP, V). P, Q e H . a = C“N 0 r‘P. 0 = G Y “N 0 r‘Q . 

[*1527] 3 . (gP, Q). P, Q e ft . a - N 0 c< <C‘P . 0 = N 0 c‘C‘Q (1) 

b . *25573 . *117-106-107-108 . 3 

b P, Q e H . 3 : N 0 c‘C"P < N a c‘0‘Q . v . N o c‘0'P > N 0 c‘P‘Q (2) 

h . (1). (2). 3 H . Prop 

*25575. b : P, Q e H. Nc'C'P < Nc ‘C‘Q .D.P less Q 
Dem. 

b . *117*291. 3 b : Hp . 3 . ~ (Nc‘C‘Q < Nc'C'P). 
[*255-711.Transp] 3 . ~(Nr‘Q ^ NPP). 

[*255-29] 3.NPP<NPQ. 

[*255"17] 3 . P less Q : 3 I-. Prop 

*255-76. h : 0 e NO . C“a < C“0 . 3 . a < £ [*255-75 . *1527] 



*256. THE SERIES OF ORDINALS. 

Summary of *256. 

In the present number, we have to consider the series of ordinals in order 
of magnitude. Propositions on this subject deserve close attention, because 
it is in this connection that Burali-Forti’s paradox * arises. This paradox, as 
we shall show in the present number, is avoided by the doctrine of types. 
But before discussing the paradox, it will be well to explain various propo¬ 
sitions which raise no difficulty. 

For convenience of notation, we shall, in the present number, employ the 
letter M for the relation “<•” (This letter is chosen as the initial of 
“minor/’) Thus “aMft" means that a and /3 are ordinals of which a is less 
—► . . 

than /?. M‘fi will be the class of ordinals less than y3, will be /3 + 1, 

and when it exists, will be such that either i = y3, or 

y3= 2 r . = 0,.. Thus a ( M, is the class of ordinals having immediate 

predecessors, and is the class of ordinals not having immediate pre¬ 

decessors. 

We have (*256T2) 

b aif/3 . = : a,/3eN 0 O : (37). 7 e NO — i‘Q r v t‘i . = a-j-7, 

that is, one ordinal is less than another when something not zero can be 
added to the first to make it equal to the second ; 

*25611. b : P e a . D . If'Nr'P = Nr“D‘P s 

I.e. the numbers less than that of P are the numbers of the proper 
segments of P. Also, if Pefl, 

M t SWp* N 0 rJ(P s l D‘P,). N 0 r [ D‘P y e 1 1 (*256'2’201), 

so that (*256‘202) the series of ordinals less than that of P is similar to the 
series of the proper segments of P, i.e. to P £ (PP (in virtue of *253 22). 
It follows (*256-22) that every section of M is well-ordered, and therefore 
that M is well-ordered (*256'3), i.e . that the ordinals in order of magnitude 
form a well-ordered series. 

* “Una questione sui numeri iranafiniti,” Rendiconti del circolo matematico di Palermo, 
Vol. xi. {1897). 
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For the purposes of the present number, it is convenient to include 1* 
(cf. *153) in the series of ordinals; we therefore get 

Dft [*256j. 

The effect of this definition is merely to insert 1 A . in the series M between 
0 r and %. We then have (*256*42) 

Nr‘W=i+Nr ‘M. 

Now if Pell, P £ CFP (as we have just seen) is similar to a proper 
segment of M, so that if we omit to mention types we obtain 
h : Pe a . D . Nr‘P l a‘P < Nr f iff. 

Hence Nr‘P, which is i -|-Nr‘P £ G‘P, is less than i-i-NrfM (by *255*63), 
i.e. is less than N. Hence 

h:PeO.D.NPP<NPiV r . 

Nevertheless N e O, so that it might geem as if NPiV must be less than 
itself, which is impossible by *255*42. Hence we are led to Burali-Forti’s 
paradox concerning the ordinal number of all ordinals. 

Burali-Forti's own statement of his paradox, which is somewhat different 
from the above, may be summarized as follows. Assuming 

a, ft e N 0 O .D:a</3.v.a = /3.v.a>/3 (A), 

we shall have a e N 0 O . D . a < a + i. 

But we also have a e N 0 O . D . a ^ NFiV. 

Hence NrG^^ NrfA-f i . NrfA +i ^3 NPAf 

which is impossible. The conclusion drawn by Burali-Forti is that the 
above proposition (A) is false. This, however, cannot be maintained in view 
of Cantor’s proof, reproduced above (*255T12, depending on *254*4), The 
solution of the paradox must therefore be sought elsewhere. 

With regard to Burali-Forti’s statement of the paradox, it is to be 
observed that “a<;a + i” only holds if g ! a-f- i, i.e. if (gP) .Pea. (7 f P={= V. 
This will always hold if a exists and is infinite, because then, if Pea, 
P l CFP 4 > B*P e a + 1. But if a is finite, this method fails, since 
P l d‘P -+> B‘P € a. 

Thus if the total number of entities in the universe (of any one type) is 
finite, “a<a + i” fails when C“a — PV, which is just the crucial case for 
Burali-Forti’s proof. Hence as it stands, his proof is only applicable if we 
assume the axiom of infinity; it might, therefore, be regarded as a reductio 
ad absurdum of the axiom of infinity, i.e. as showing that the total number 
of entities of any one type is finite. 

In order to make it plain that the paradox does not depend upon the 
axiom of infinity, we have above stated it in a form independent of this 
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axiom. The paradox, stated simply, is as follows: The ordinal number of 
the series of ordinals from 0 r (including 1 *) to any ordinal a is a + 1 ; hence 
a 4 1 exists, and is therefore ■> a. But the ordinal a is similar to the 
segment of the series of ordinals consisting of the predecessors of a, and is 
therefore less than the ordinal number of all ordinals. Hence the ordinal 
number of all ordinals is greater than every ordinal, and therefore than itself, 
which is absurd; moreover, though the greatest of all ordinals, it can be 
increased by the addition of 1 , which is again absurd. 

In order to dispel the above paradox, it is only necessary to make the 
types explicit. In the proposition 

P e Q . D . P less N (B), 

upon which the paradox depends, the relation “ less ” is not homogeneous. 
N is of the same type as M, which is defined as Nr Bess, where 0Bess = O. 
Thus Nr f P eC‘N. Thus N v as it occurs in (B), should really be IV £ t‘N 0 r‘P, 
i.e. i.e. N(P,P), according to the definition *65*12. We have 

therefore 

*256*53. b : P e H . D . P less N £ t‘N 0 r‘P 
but this does not allow the inference 

Wtt'NoHP less JV£ t*N 0 PP, 

which is what would be required in order to elicit a paradox. The correct 
inference is, substituting for IV £ PN 0 r‘P the equivalent form N (P,P), 

N (P, P) less N {iV(P, P), N (P, P)\. or, more generally, 

*256-56. I-. (IV £ \) less { N £ («V\)} 

Thus in higher types there are greater ordinals than any to be found in 
lower types. This fact is what gave rise to the paradox, as the corresponding 
fact in cardinals gave rise to the paradox of the greatest cardinal. 


*25601. 

M=< 

Dft [*256] 


*25602. 

W = ^a 04 l 8 u(Pl g )tH‘i¥ 

Dft [*256] 


*2561. 

b .Me Ser . C‘MC N 0 O 



Deni. 

b . *255*42. 

Ib.MZJ 

(1) 


b . *255*471. 

D b . Me trans 

(2) 


b . *255*12 . 

D 1-. C‘M C N 0 O 

(3) 


K (3). *255112. *155*43. 

, D b . M e connex 

(4) 


V . (1) . (2). (3) . (4) . D h . Prop 

The above proposition assumes that M is homogeneous, since otherwise 
“ C‘M ” is not significant. But M is significant even when it is not homo¬ 
geneous. Thus the conditions of significance in the above proposition impose 
a limitation upon M which is not always imposed upon M. 
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*256101. h : g;! M . 3 . C‘M = N 0 0.0 r = B‘M : N 0 O - i*0 r = d‘M 
Dem. 

b . *20012 . *2561 . 3 H. C‘M™ e 1 (1) 

H . (1). *51-4. 3 t-: g ! M. 3 . g ! &M-P0 r . 

[*2561] D.g!N 0 O-t‘0 r (2) 

b . *255-51 . 3 h : fi <? N 0 O - i‘0 r . = . 0,^ (3) 

1. (3). 3 I*. N 0 O - P0 r C (FM. 0, ~ 6 d‘M (4) 

K(2).(3). D.0 r eD‘JI/ (5) 

h . (4). *2561. DK(KafCN 0 O-i‘0 r (6) 

V . (4) . (5) . (6). 3 t-. Prop 


The hypothesis a! M will fail in the lowest type for which M is 
significant, if the universe contains only one individual. Under any other 
circumstances, a! M must hold. 

*256102. h : a ! N 0 O - 1* 0,. 3 . a ! M 

Dem. 

b. *256101. 3 h : Hp. 3 . a ! d‘M (1) 

b . (1). *33-24.31*. Prop 

*256-11. b : P e U . 3 . 3 /Wp = NFHFPs [*225-174] 

*256-12. b uM0 . = : a, 0 e N 0 O : 

(ay). ye NO - i ( 0 r ./3-a + 7.v.a4 : 0 r . l S = a-i-i [*255*33] 
*2562. >:PeH.3. 

Ml (j/*‘Nr‘P) = N 0 rJP s . M £ (JFNr'P) = N 0 r5(P s £ D'P,) 

Dem. 

b . *256-101 .*3 h : Hp. P e 0,. 3 . M £ M^PP = A.JIf £ (dFNFP) = A (1) 
h . *213 3 . 3 h : Hp. P € 0 r . 3 . N 0 i-iP s = A. N 0 r \P, £ U‘P S ) = A (2) 

h . *256-11. *213-158.3 h : Hp. P ~ e 0,. 3 . j?*‘Nr‘P = Nr“C"P s (3) 
b . (3) . *255-17.3 b Hp . P~ e 0 r . 3 : a [M £ (i/*‘Nr'P)} 0 . = . 

(g<A P) ■ a = N„r‘Q . 0 = N 0 r‘P .Q,Re C‘P S . Q less R . 
[*254-47] = . (a Q, R).a= N 0 r ‘Q. 0 = N 0 r‘P . QP,R . 

[*150'4] =. a (N 0 r5Ps) 0 (4) 

Similarly b :. Hp. P~ e 0,. 3: a {M £ (jpNr‘P» 0. = . a {N 0 ri(Ps £ D'P,)} 0 (5) 
I-. (1). (2) . (4) . (5). 3 h . Prop 

*256-201. b : P e O . 3 . N 0 r f D‘P S e \M £ (i?‘Nr‘P)} smor (P s £ D‘Py) . 

N„r £ C‘P S e {M £ (i/*‘Nr‘P)) smor P* [*253-461 . *256‘2] 
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*256-202. h : Pefl. D . Nri{il/£ (JIPNr'P)} = NV(P« £ D'P S ) = Nr‘(P £ a* P) 
[*256*201 . *253-22] 

*256*203. I-: P e fl. D. Nr‘(Af £ (5*‘Nr‘P)} = Ni *‘P, [*256*201] 

*256 204. h : a e N 0 O - i %. D . i + Nr‘(M £ M‘a ) = a 
Dem. 

h.*255*101.*256*202. D 

f-:. P 6 n . a = N 0 r‘P. D : Nr‘{4f £ J*Pa} = Nr‘(P £ d‘P): 

[*204-46-272] D : P ~ e 2 r . D . 1 + Nr ‘(M £ M*a) = Nr‘P :. D I-. Prop 

*25621. h :/teNO .Pe/i.D.il/‘/i. = Nr << D < Pj [*256 11] 

*256*211. I-: /*e NO- i‘0 r .Pefi.D. = NP'P'P, [*213*158 .*256*21] 

*256*22. b : fi e NO. D. M £ if* > e 11 
Dem. 

b . *256*203 .DHHp.Pe/i.D. £ 3 * V) = Nr‘P*. 

[*253-24] D . if £ if#'/* t H (1) 

l-.(l). Dh^A.D.^If*'/^ ( 2 ) 

b . (2). *250*4 . D h . Prop 


*256*221. hs/ieNO.D.JfC JP/ieO [*256*202] 

*256-3. Ki/efl [*256*221. *250-7] 

*25631. b:'3_lM.D.2 r = 2 M = M 1 ‘Q r 
Dem. 

b . *255*51*53. D b : Hp . D . 3‘0 r = P2 r u M* 2,. 
[*205*196.*256*1] D . 2 r = min M ‘M l 0 r 
[*206*42.*201-03] = 3/0, 

[*250-42.*256*101] =2^,01*. Prop 

We shall have, for every finite v, v r = v M , where v r will be defined as the 
ordinal corresponding to v, i.e. as 

H n C“v. 

(This is a single ordinal when v is finite; otherwise, it is the sum of a class 
of ordinals.) This subject will be considered in the next section. 
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*256 32. K uM^ . = :«,/3e N 0 O :a=t=0 r ./3 = a + i.v.«= 0 r .^ = 2 r 
Bern, 

K*256'65 . D h : a e N 0 O- l% • 3 . M‘a= t'(a-j-l) u if'(a + i). 
[*205196] D . a+ i = miiVM'a. 

[*206-42.*201"63] D . a +1 = if/a (1) 

K(l). *25631. DK Prop 

*2564. h.l g ~eNO 
Bern 

V .*153-36 . D H : R el s . D . C‘R e 1. 

[*200'12.*25012] D . R ~ 6 O (1) 

I-. (1). *251122. D h : a e NO . D . a n l g = A (2) 

h. ( 2 ). *153-34. Dh. Prop 

*256-41. t'.iV r = ilfvyO r |l g iy (i%) f CPif [(*25602)] 

*256-411. V . = : a = 0 r . £ e i‘l g u CPif. v . 

« = 1 *. $ e CPif . v . a. £ e CPif . aM$ [*256 41] 

*266-412. \-:M = A.0. i> T = 0 r 4 l g . e 2 r [*256‘41] 

*256 413. h : if = 0 r 4 2 r . D . iV = 0 r l g vy 0 r 2 r iy l r 2 r . iV' e 1 + 2 r 
[*256-41. *161-2111 

*256-414. h : CPif ~ e 1.3 „ N= 0 r J, l g £ i/ £ CPif 
Bern . 

h . *204-46 . *256-101. D 

h : Hp. g! M . D . # = 0 r if £ CPif vy 0 r J, l g iy (Pl g ) f C‘{M £ CPif) 
[*161101] = 0 r i l g vy (P0 r u i‘l s ) t G\M £ CPif) iy if £ CPif 

[*1601] = 04l g £if£CPif ( 1 ) 

l-.(l). *256-412. Dt-. Prop 

*256-42. f-: a ! if . D . Nr‘^ = 1 + Nr'if 
Bern. 

f- . *256-414 . D f- : Hp . CPif 1 . D . Nr'N = 2 r + Nr‘( if £ CPif) 
[*181-57] = 1 -f-1 + Nr‘( if £ CPif ) 

[*204-46] =i + Nr‘if ( 1 ) 

h . (1) . *256-413 . D K Prop 


*256-43. hIe.O- t ‘A [*256'412-42] 
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*25644. b Pe fi . D : P£ d‘P less M, = . P less A. g ! M 
Dem . 

b . *255 17-601 . D 

b Hp. D : P £ d‘P less 3f. = . i +Nr‘P £ d‘P < i +Nr‘lf (1) 

b . *256-412-42 . D b : P = A . D . P less A (2) 

b . *255-51 . D b P = A . Z> : P £ d'P less J1P. = . ft ! il/ (3) 

b . (2) . (3) . Db:.P = AO:P£d'PlessAf. = . P less A . g ! jl/ (4) 

b . *200 35 . *255-51. D b d‘P e 1. D : P £ d‘P less = . g ! if (5) 

b. *25642. D b Hp . d‘P e 1. g ! M. D . Pless A (6) 

b . (5) . (6). Z> b :. Hp . <3‘P e 1 . D : P £ d‘P less Jf. - . g ! i/. P less A (7) 

b . *204-46 . D b Hp . g ! P . d‘P - s 1 . D : i + Nr‘P £ d‘P = Nr‘P : 

[(1)] D : P £ d‘P less M. = . Nr‘P < 1 + NPdf. 

[*256-101-42] = .Nr‘P<Nr‘A.g! M (8) 

b . (4) . (7). (8) . D b . Prop 


We now make use of the above propositions to show that every well- 
ordered relation P of the type we start from is less than A, where A is to 
hold between ordinals of the type to which N 0 r‘P belongs. This proposition 
embodies what Burali-Forti’s paradox becomes when account is taken of 
types. 


*256-5. 

b : a ! if. Pe 

n . D . N 0 r>(P s £ D <P S ) e D‘(Af £ i‘N 0 r‘P) s 


Dem. 





b . *256-2 . *253-13 . D b : Hp . D . N 0 r >'(P S £ D'P,) e D *M S 

(1) 


b . (1). *150-22 . D b : Hp . D . N 0 r“D‘P s C . 



[*213-141] 

D.N„ PPetf&M'. 



[*63'53] 

u 

S'- 

£ 

11 

£ 

(2) 


b.(l).(2).D 

b . Prop 


*256-51. 

b-.PeO.D. 

N 0 r>‘(P s £ D‘P S ) smor P £ d‘P [*253 463] 


*25652. 

b : a ! M. P e 

H . D. P £ d'P less if £ t‘N 0 r‘P [*256-5’51. *254-182] 

*256-53. 

b-.Ped.D. 

P less A £ PN 0 r‘P 


Dem . 





b . *256-44-52 .Db:Hp.glif.D.P less A £ i‘N 0 r‘P 

(1) 


b. *256*102 

. D b : Hp . if = A. D . P = A . 



[*256-43] 

D .Pless A 

(2) 


b.(l).(2). 

D b . Prop 


*256-54. 

b:Pefi.D. 

Nr(P)‘(A£PN„r‘P) = A 


Dem. 




b 

. *256-53 . D b 

;. Hp . D : Q e t‘P . Dq . ~ [Q smor A £ i‘N 0 r‘P| : 


[*152-11] 

D : PP o Nr'( A £ £‘N 0 r‘P) = A : 



[(*65-04)] Z> : Nr <P)‘(A £ PN 0 r‘P) = A D b . Prop 
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*256-55. bzPeH.D. 

Nr (P)‘(F £ t‘N e r'P) = Nr ( P)‘{N £ t‘t*P ) - Nr (P)‘{W (P, P)] = A 

Dem. 

h, *155-12. Db.PeN 0 r‘P. 

[*63-105] Dh.P 6 CN 0 r‘P. 


[*63-53] D b . 

*‘PP = *‘N 0 r‘P 

(1) 

h.(l). Db. 

Nr ( Py(N t *‘N 0 r‘P) = Nr (P)‘(N £ tH‘P) 

(2) 

[(*65-12)] 

- Nr (P)‘[N (P, P)'j 

(3) 

h.(2). (3). *256-54. D b. Prop 


*256-56. b . (N p X) less {N £ ($V*)] 

’Dem. 


b . *256-43-53 

. D b . {N £ X) less [N £ (i‘N 0 r‘W £ X)} 

(D 

b .*15512. 

Db.N^XeN 0 PN[:X. 


[*63-105] 

Db.N^Xe^Nor'NpX. 


[*63-53] 

Db.tW[:x = t‘N 0 r‘WpX 

(2) 

b . *64-16 . 

Db.N^Xef ( (CXf tyx). 


[(*64-01)] 

D b . N £ X e t^X 

(3) 

b.(2).(3). 

D b . tH m ‘X = *‘N 0 r‘W l X 

(4) 

b . (1) . (4) . D b . Prop 



When types are neglected, the above proposition appears as 
N less N, 

which is impossible, and embodies Burali-Forti’s paradox. In the form 
proved above, however, the paradox has disappeared, and we have instead 
the proposition that in higher types longer series are possible than in lower 
ones. 



*257. THE TRANSFINITE ANCESTRAL RELATION. 

Summary of *257. 

In this number, we are concerned with an extension of the notions of 
R% and R^. This extension requires two relations, R and Q. It is n 

easily explained by first definm^ the “ transfinite posterity ” of a term . .,ith 

<— 

respect to R and Q; this class is an extension of R%x. This class is 
generated as follows. Let us suppose, to aid the imagination, that Q is more 
or less serial in character, and that R is a many-one relation contained in Q. 
Then the transfinite posterity of x with respect to R and Q is generated as 
follows: Starting from x, we travel down the posterity of x with respect to R 
<— ^— 

(i.e. R^x) as long as we can; if the whole class R^x has a limit with respect 

to Q, we begin again with this limit, which is to be included in the trans¬ 
finite posterity of x with respect to R and Q ; if the limit is y, we travel 

4 — 

down R^y, and include the limit of this class with respect to Q, and so on, as 
long as we still have either terms belonging to D‘i2 or classes belonging to 
Q'ltg. The whole of the terms so obtainable constitute the transfinite 
posterity of x with respect to R and Q. which we will denote* by (R*Q)‘x. 

In order to obtain a symbolic definition of this class, let us call a class cr 
“ transfinitely hereditary ” when not only R“<r C cr, as in the ordinary 
hereditary class, but also if we take any existent sub-class y oi o- n C‘Q, if y 
has a limit with respect to Q, that limit is to be a member of cr. Thus a is 
to be such that the 22-successor of any member of a belongs to a and the 
Q-limit of any existent sub-class of a n C‘Q belongs to a (so long as these 

exist). That is, R“<rCL<r and y C a- . g I y n C‘Q . . \t>fy C o\ Using the 
notion of the derivative of a class with respect to Q , introduced in *216, the 
condition yCcr.^lynG f Q. It §y C a reduces to Zfcr C cr, in virtue of 

*216T. Hence cr is transfinitely hereditary with respect to R and Q if 

R u cr v SqVCo-. 

* This meaning for has no connection with the meaning temporarily assigned to this 
symbol in *95. 

K. & W. III. 
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We may now define the transfinite posterity of x with respect to R and Q 
as all members of C‘Q which belong to every transfinitely hereditary class to 
which x belongs, i.e. we put 

( R* Q)‘x = C‘Q n § [x € a- . R^a-yJ C <r . . y e <rj Df. 

Then the analogue of R% is xy {y e This relation, however, is 

less important than the analogue of R ^ limited to the posterity of x. This 
analogue, assuming Q to be transitive, will be Q £ (R*Q)‘x. For this we 
introduce the two notations and Q(R,x), the latter being more con¬ 
venient when either R or x is replaced by a more complicated expression. 
Thus we put 

If Q is a well-ordered series and R=Q l> is merely the series Q 

<— <— 

beginning with x, and (R*Q)‘x = = u i*x if xeC‘Q. Thus in this 

case, if x = B‘Q, Q^ ~ Q. But the importance of Q Rx is in cases where Q is 
not completely serial, but becomes so when limited to (R*Q)‘x. In these 
cases, Q will, in applications, almost always be logical inclusion combined with 
diversity, or the converse of this; i.e. it will be either 

a/§(«C£.a*0) 

or 

or the converse of one of these. In the case of a/3 (a C /S . a ^ ft), we have 
ltg = s |“(- (Fmax 0 ). tl Q—p [(— Cl'ming), 
as will be proved in *258. 

In the present number, we are concerned in proving that, under certain 
circumstances, Qbx e fi. The proof proceeds on the lines of Zermelo’s second 
proof* of his theorem that if a selection exists from all the existent sub¬ 
classes of a given class, then the given class can be well-ordered. 

Before proceeding to treat of this subject, however, it is necessary to 
prove some elementary properties of (R*QYx, These are given in the 
propositions preceding *257’2. 

We have 

*25711. \-ixea. R“<r u C <r . D . (R#Q)*x C <r 

Thus in order to prove that {R%Q)‘x is contained in a class <r, we have 
to prove (1) that x belongs to o-, (2) that the ^-successors of members of fl¬ 
are members of <r, i.e. that o- is hereditary with respect to R, (3) that the 
derivative of o- with respect to Q is contained in o-, i.e. that if /a is any 
existent sub-class of o- n C‘Q which has a Q-limit, this limit is a member of a. 

* “ Neuer Beweis fiir die Moglichkeit einer Wohlordnung,” Math. Annalen, lxv. p. 107 (1907). 
His first proof, which was somewhat more complicated, was published in Math. Annalen , lix. 
p. 514 (1904). 
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*257111. b.(R*Q)‘xCC‘Q 
*25712. Y'.xeC l Q. = .xe (R*Q)‘x 

*257123. h : R Q. Q . D . R“(R*Q)‘x C (R*Q)‘x 

I.e. if R Q Q,(R*Q)‘x is hereditary with respect to R. The hypothesis 
R G Q is required for most of the properties of (R*QYx. 

*257125. h :RGQ.xeC‘Q.D .%fx C (R*Q)‘x 

Thus if xeC‘Q, the ^-posterity of x is contained in ( R*Q)‘x. 

*25713. h/tC (R*Q)‘x . g ! fi . D . h Q ‘y C (R*Q)‘x 
*25714. I -:RGQ.D. (R*Q)‘xCQ*‘x 

Thus (R*Q,)‘x is wholly contained in the Q -posterity of x. 

The following propositions (*257'2—’36) are concerned in proving 
Q^eCl, with a suitable hypothesis. This hypothesis is 

Q € R1‘ J n trans . R e U1 ( Q n Cts —* 1 - lt^ f" Cl ex*(jR*Q) f a: e 1 —> Cls. 

We assume, to begin with, only, part of this hypothesis, namely, 

Q € HI ‘J r\ trans . R e R1‘Q Cls —> 1. 

Thus to prove Q&. e Ser, we only have to prove Q^ e connex, i.e. 

y e (R*Q)‘x . D . ( R*Q)‘x C Q‘y, 
or, what, comes to the same thing, 

(R*Q)‘xCptQ“(R*Q)*x. 

Let us put o-! = ( R*Q) l x r\ p‘Q“(R*Qyx. 

Then any member of Vi may be called a "connected term/' because it is con¬ 
nected by Q or Q with every other term of (R^Q)*x. (A connected relation 
is then a relation whose field consists entirely of connected terms.) We wish 
to prove that o-j is a transfinitely hereditary class, and therefore equal to 
(R%Q)‘x. We do this, not directly, but by combining <r y with another class 
o- a defined as follows. Consider those members z of (R*Q)‘x which are such 

that their successors in Q^ consist of R‘z and its successors in i.e. pub 
r = (R*Q)‘x n 2 [Qgjz = (QiteV-K‘4 

It will be observed that, even when Q is transitive, Q* and (Q^)* are still 
useful. In this case, (Qj^)# = Q^ ei so that {Qr^^R^z consists of 

R‘z and its successors in Q Bx , We then consider the class o- 2 consisting of 
those terms y whose predecessors are all members of r, i.e. we put 

<ra = (R*Q)‘x n p {zQy. z e (R#Q)‘x. . QrJz = ($&)** R‘z}. 

Finally we put o- = ctj a <t 2) i.e. 

<r = (R*Q)‘x n p'Qt^RxQYx r\ P [zQy . z e (R*Q)‘x . ,Q r Jz = (Qx^R'z]. 
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The reason for this process is that it is easier to prove that <r is a transfinitely 
hereditary class than it is to prove this directly for a \; and the result follows 
immediately for o-j when it has been proved for <r. 

We have then to prove R i( a C o-. C o\ 

The first step is to prove 

4 — 4 — ^ 

yea-.D. Q Kx ‘y = Q Rx ‘R‘y v i‘R‘y. 

This is proved by trausfinite induction, by showing that 

Q*y w Q*R‘y 

is a transfinitely hereditary class, whence the result, because, by hypothesis, 

-► f- 

(R*Q)‘x = (Q Rx )*y W Qgjy. 

The proof that Q*y v Q%‘R‘y is a transfinitely hereditary class is as follows. 


If z e Q^RUj, R‘z e Q^Rty. If z = y, R‘z — R‘y. 

—► _ 4 — e- w 

If ze Qj&y> fhen since by the hypothesis QrJz we have 

y * (Qi,WR% i.e. R‘z * Q*V- 

Hence z e (R*Q)‘x r\ {Q^y u Q^Wy ). 3 • R f z e Q^y w Q#.‘R‘y. 

We have next to prove 

/* C (R*Q)‘x n (Q%‘y v. a ! fi . D . \t Q ‘/<k CQ#‘y jQ*‘R‘y. 


If a ! /i r\ Q%‘R‘y, then lt^/r C Q%R‘y- 

If y, C Q*y 'yep, then y € ma xq‘(i, and lt<//i = A. 

—> 4 — 

If y, C Q ( y, we have y ep‘Q“fi, whence w ltg/r. D , ^(yQw), whence, since 
y, by hypothesis, is a connected term, ioQ^y. 


Hence in any case C Q%y v Q%.R*y. Hence Q%y v Q%R t y is 
Hereditary, and therefore contains (RxQYx ; and hence 

QnJy = (Qteh'R'y ■ {QbxWv = Qju&y- 

This shows that R l y is a member of o- 2 . For by hypothesis this holds 
of all predecessors of y, and we have now shown (1) that it also holds 

of y, (2) that y is the only predecessor of R*y which does not precede y. 
This is the first step towards proving that a is transfinitely hereditary. 

It follows immediately, from what has now been proved, that if y e tr, R f y 
(if it exists) is a connected term. For by hypothesis 

( R*Q)‘x C Q^y v*Q c y, 
whence, by what we have just proved, 

<Ji*QyxCQ‘B‘yv%‘R‘y, 
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whence R‘y is a connected term. Hence R‘yea. Hence R“a- Co-. 

It remains to prove Sq‘o- C o -. 

V/ <- <- w 

Just as R“<r C<t was proved by proving Q i y=Q^ i R i y, so Sq‘ a C a is 
proved by proving 

C Q#“ltgV> 

provided y C a. g ! y. ~ g ! ma x Q ‘y ; 

and this is proved by showing that Q“y u Q*“Itg‘/x. is a transfinitely heredi¬ 
tary class. 


To show that Q“y u Q%“\\>Qy is a transfinitely hereditary class if 

—> 

! maxg f /i-, 

we observe that by hypothesis 

Z 6 Qrx^P ■ ^ * Qrx‘ z — (Qrx)^‘R‘ 2 • ^ ■ 3 * P n (Qrx)% ( R‘ Z - 
Hence R ( z € (Q Rx )%“y ; and hence, since by hypothesis y C Q“y, 


R*z e Q^y. 

Hence R“{(Q*Rycc c\ Q“y] C (Q*R)‘w n Q“y. 

Also obviously R‘ e Q%“\tQ‘y C Q#“ltgV- 

Hence putting p = (Q*Ryw r» (Q t( y u Q#“ltg‘^), 

we have R“p C p. 


We have now to prove 


OQp^-p, 


i.e. a C p . 3 I a . ~ g ! maxg'a , D . ltg'a C p. 

If a C Q“y, it is obvious (since y is composed entirely of connected terms) 
—> —> 

that seqg‘a C Q“y u It qy. 

On the other hand, if g!an Q#“ltg‘^i, then a n Q“y, if it exists, does not 
affect the value of the limit of a, which is the limit of a ri Q%“ ltgV> which is 
obviously contained in Q*“ltg‘/^ Hence SgV Hence y is transfinitely 
hereditary, and we have 

y C o-. g ! y . ~ g ! maxg^ . D . ( R*Q)‘x C Q“y u 
At this point it is necessary to assume 

ltg [ Cl ex f (R^Qyx e 1 —> Cls. 

This being assumed, we have, by what has just been proved, 

y C a . g ! y . g 1 3 • (&* Q)‘ x C Q“y w Q*‘ltgV ■ 

D . C <2 f ltgV W Q^ f ltg^. 



86 


SERIES 


[PART V 


Hence lt e V is a connected term. Hence 

Cp‘Q ii (R*QYx. 

We only require further 

/* C O-. a ! fi . a ! ItgV .3:zQ ItgV ■« c (R*Q)‘x . 3*. = (Q Bx )%‘R‘z. 

Now by what we have just proved, . = . z e ; and by the 

definition of <r, since fiCo-, we have 

*«Q* v ■ ^ 

Hence we arrive at Sq'o- C o\ Since we have already proved R'-‘(t C a *, it 
follows that o- is hereditary, and (P*Q)‘#C<r, i.e. 

y e (R*Q)‘x :Dyiye p‘Q“(R*Q) t a; : zQ^y. 0 Z 

<— <—— ^ 

Q**6connex : *eIPQ k* .D z .Q B3 .‘z = (Q^'R'z. 

Hence Qj^eSer. Hence also the immediate successor of every term z in 
is R‘z> so that 

C V‘R . = R t (R*Q)‘x. 

To show that Q^efl, we observe that every class contained in has 

a sequent, namely 

seq (QjtaY A = x, 

a C . g ! maxg'a . D . seq {Q^a = R‘ max g ‘a, 

—> 

« C D‘Q fi;c . a ! a. ^ a ! max e ‘« . D . seq (Q^a = lt Q ‘a, 
whence a C . D a . E ! seq (Q Bx ya, 

which shows that Q^e O. 


The first derivative of Q Rx is and its last term, if any, is 

—D‘R}, i.e. ltg ( {(Q*i?)^ n D‘jR}. 

The hypothesis required for Q^efl is the same as for Q^eSer, namely, 
Q e Rl'J" r\ trans . R eRPQ n Cls—> 1 . ltg f Cl ex‘(R*Qy% e 1 —* Cls. 

In order that Qj may not be null, we require further xeT)‘R. 

The next set of propositions (*257 - 5—*56) are designed to prove that, 
subject to the above hypothesis together with x e D e R, Q Bx is the only value 
of P fulfilling the following conditions :' 

(1) P is transitive. 

(2) C ( P is contained in ( R*Q)‘x . 

(3) If z is any member of D‘P, R l z is its immediate successor. 

(4) If a is any existent class contained in C‘R and having no maximum, 
lt(/a is its P-limit. 
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This proposition is essential for what may be called “transfinite inductive 
definitions,” i.e. definitions of a series by defining the successor of every term, 
and the successor of every class having no maximum. 

The following illustration may make this clear. Suppose R is a many- 
one relation of classes to individuals; suppose we start with some class a, and 
proceed to a u i,‘R‘a, a v t‘R‘a v i‘R‘(a u i‘R‘a) f and so on. At the end of 
this series we put its sum, i.e. its limit with respect to the relation (CnJ); 

let the sum be We then proceed with j3 u i i R‘P> and so on, as long as 
possible. The series ends with a sum which is not a member of D‘jR, if there 
is such a sum. It is evident that the series is uniquely determined by the 
above method of generation ; the above-mentioned propositions give symbolic 
expression to the process expressed in words by “ and so on, as long as 
possible.” 


*257 01. (R*Q)‘x = C‘Q n {# e o-. R^a- u Bq<t C o- . D* . y e 0} Df 
*257-02. Qj* =Q{R,x)~Qt (R*Q)‘x Df 

*2671. 1 -y e (R*Q)‘x . = : y e C‘Q : x e<r . R“cr u Sq'o- C er. .y e<7 

[(*257-01)] 

*257101. h :: y s ( R*Q)‘x . = y e C‘Q 

^ —► 

x e a . R^a- Ccri/iCcr.gl/AO C‘Q . . It q‘h Co-: D* . y e <r 

[*257-1 .*216-1] 

*257102. 1-:: y e (R*Q)‘x . = :.y€ C‘Q 

y —> —> 

xe<r.R“cr Ceri/zCa'.gl^n C‘Q . ~ g! max<//x.. . seq g '/A C a : D*. y e a 

[*257-101 . *207 1] 

*257*11. Y 1 xecr . R“a- u Bq { o- Co-. D . (R%Q)‘x Co- [*2571] 

Almost all proofs of propositions concerning (R^QYx use this proposition. 
*257111. Y.(R*Q)<xCC‘Q [*2571] 

*25712. Y:xeC‘Q. = .xe(R*Q)‘x! [*2571] 

*257121. 1-: RGQ .y €(R*Q)‘x . D . R‘y C (R*Q)‘x 

Vent, 

Y . *257*1 . D Y Hp . yRz . D : xe <r . R {i a- vj &q‘o- C o- . y e 0-: yRz.z e C‘Q: 
[*37l] D : 2 e C‘Q : x e tr . R“(7 C <r . Sq‘(t C <t . . z e a : 

[*2571] D : ze (R*Q)‘x :.D Y . Prop 



88 


SERIES 


[PART V 


*257122. I -iRCQ.fi C(R*Q)‘x . 3 . R ( > C (R*Q)‘x 
*257123. b :RQQ.D. R“(R*Q)‘x C (R#Q)<x 
*257124. biRQQ.D. \“(R*Q)‘x C {R*Q)‘x 
*257125. h : G Q. « e C‘Q . 3 . C 
*257126. b : RQ Q . x e T) ( R . ~ (xRx) . 3 . (ii*Q) ( ^~ eOul 

*25713. b : fiC (R*Q)‘x , g ! p . 3 . It Q ‘fj. C (12* 

Dem, 


[*257121] 

[*257122] 

[*257123] 

[*25712124] 

[*257125] 


I-. *257101. *101. *221. 3 I-^ C (R*Q)‘x . 3:. 

x e o-. 72“o- vn . 3„. It qv C<t : D./aCj (1) 

(- . (1). Fact. 3 I-:: Hp . 3 

xe<r . R“<r CaivCa-.^lvn C‘Q . , It qv Co - : D./iC <r. g!/x (2) 

K *101 .*257111. 3 

—> 

f- :.j'C(r.g!yrt . 3 *. It Q ‘v C o-: 3 : Hp .fiCa-.y It qy, .0 .yea- (3) 

^ • (2) ■ (3) . 3 b :: Hp . y lt^’. 3 

—> 

xe<r . R li <r Cer:jjCo-.g!yr\ . 3* . ltQ*!/ C <r .O . y etr (4) 

K (4). *1011-21. *257101 . 3 h : Hp. y lfc Q/ u .D.ye (12*Q)V : 3 H ■ Prop 

*257131. I-. S q ‘(R*Q)‘x C (£*Q)‘tf [*257’13 . *2161] 

*257132. biKCC\ex‘(R*Qyx.D.\t Q <‘«C(R*Qyx [*25713] 


*257-14. b : RGQ.O .(R*Q)‘xCQ*‘x 
Dem. 

b . *90-163 . 3 h : Hp . 3 . R { ^x CQ*‘x (1) 

4 — <— <— 

H . *206'15 . 3 h : /a C . z lt^/z . g ! y ,. 3,. 2 ep‘Q“y.,^lp. pC . 

[*40'61 .*90163] D.,ze . Q“ l p C . 

[*22-46] 3.^6 Q*'* (2) 

b . (1) . (2) . *257-11.3 I- : Hp .xeC'Q.D. (R*Q)‘x CQ*‘x (3) 

b . *37-261-29 . *60-33 . (*216-01). 3 

b : Hp . 3 . J2“(- C‘Q) = A . V(“ C'Q) = A (4-) 

b . (4). *257-11.31-: Hp .x~e C*Q . 3 . (R*Q)‘x C-C‘Q. 

[*257-111] 3.(22*Q)‘a;= A (5) 

b . (3). (5) .31-. Prop 

*257141. h : R G Q . 3 . u S«/C tf <2 C C*Q [*216111. *37-201-16] 
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*257142. h : R G Q . x e C‘Q . D . (R*Qy%—$ \x e er. R“(r u Sq ( ct C a . ,y e a - ] 
Dent. 

h . *257-141 . D b : Hp . D . g {% e a . R“<r u S Q ‘a C <7 . D* . y e <r\ C C‘Q (1) 
K(l). *257-1 OK Prop 

*25715. h : ye (R*Q)‘x. z e (R*Q)‘y .D.z e(R#Q)‘z 
Rem. 

h . *257-1 , D |- R“& \j Sg‘<x <r.D: xea.^.yeai yea.D.zea: 


[Syll] D:xea.D.zea (1) 

h . (1). *257-1 . D h . Prop 
*25716. h : x t C‘Q - D‘#. D. (72* QV® = t'z 
Deni. 

K *257-12. DKHp .3.x e (R*Q)‘x (1) 

K *37*261-29. D (-: Hp . D. R“l'z=A (2) 

h . *205-18 . D h : Hp . ~ [J ! maxgV# . D . xQx . 

[*206'42] D . sZq Q ‘t‘x = A (3) 

K (3). *216-101. Z> K Hp. D. = A (4) 


h . (2). (4). D h : Hp . D. R u, ‘x u C t ( x. 

[*257 11] D.(R*Q)‘x Ci‘x (5) 

K (1). (5). D h . Prop 

We now begin the proof (completed in *257-34) that under certain cir¬ 
cumstances Q Rx eCl. We first prove that the class v introduced in *257"2 is 
transfinitely hereditary, and this requires as a preliminary the proof that 

if yea, the class (Qrx)^ u iQitx)%R‘y * s transfinitely hereditary. This 
preliminary is provided by *257‘2‘2l. The hypothesis of *257-2 is not all 
used in *257-2, but is introduced because it is required in the set of pro¬ 
positions of which this is the first. 

*257-2. h :. Q e R1‘/ n trans. R e R1‘ Q n Cls -> 1 . 

a = (R*Qyx rt p l Q“(R*Qyxn$/ [zQ^y . . Qpjz = (Q Bx )%‘R‘z}^> 

y e a. ze (Q Rx )*‘y » ( Q Rx h‘R‘y . 2 e D‘R .D.R‘ze {Q Rx )*y » (Qnxh'R'y 
Dem. 

h . *90163 . *37-62. *257*123 . D 


1 -R G Q . E ! R‘z . D : * e (Q^R'y * 3 . R‘z e (Q Rx )*‘R‘y (1) 

I- . *30-37 . D : E \ R‘z . z = y .3 . R‘z= R‘y (2) 

h . *201-18 . *91-52. *32-182 . D 


t-: Hp . y e a . z e Q la ‘y . D . Q s ,‘ z = (Q,u)*‘R‘- ■ V £ QrJ z 
[*13-13] 

[*32-182] (3) 

h. (1). (2). (3). *71-161. D h. Prop 
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*257-21. 1- : Hp *257-2 .yeo.p C (Q^y u ( Q Mx )*‘R‘y . g ! y. . 3 . 

\t Q ( H C u Q^R‘y 

Dem. 

K *2011415. *206134.3 


H : Hp. a ! 

y. n Q*‘R‘y . 3 

>. lt Q ^ C 

'Q*‘R‘y 


(1) 

f-. *205-38 

. 3 h : Hp ./iC 

: Q*y ■ y 

£ (l . 3 . 

y e maxg f /i. 


[*207-11] 



3. 

\tqy - A 

(2) 

K *40-55. 

*206-143.3 





H/xC Q‘y 

. u>h Q y,. 3 . yi 





[*371] 

3. ~ 

(yQw) 



(3) 

h . *257 13 

.3h:. Hp (3) 

. Hp . 3 : 

yQw.v 



[(3)] 


3: 

\wQ*y 


(4) 


K(l).(2).(4).3l-.Prop 

*257 211. I-: Hp *257*2 . y e «r. D . (B*Q)'« C (QlJ'y u 

Dm. _^ 

I-. *257-14. 3 I-: Hp. 3 . a? e (Q B ,)#‘y (1) 

K(l). *257-2-21-11.31-. Prop 

*267'22. H : Hp *257-2. y «= <7 . 3. &‘ji = . (feX'y - 

Dem. 

h . *257-211.3 b : Hp. 3. &^R‘y=(R*Q)‘* - (Q»S*‘y 

[Hp] _^ =^/?y (i) 

Similarly 1-: Hp . 3. (&*Vy = oL'-R'y (2) 

f- . (1) . (2) . 3 H . Prop 

<-^ w 

It is to be understood that {Q R ^ ( R‘y = A if ~ E ! R‘y. 

*257-23. I-: Hp *257 2.3 . R“o- C <r 
Dem. 

K *257-22. D\-i.H^.yea n D ( R.D:zQR‘y.O z .Q m; t z=^)^R t z (1) 
1- .*257 22 211. D\- :B.^.y€o- r\D t R.D.(R*Q) i x = Q Ex t R i yyj(Q Rx )^ t R e y (2) 
h . (1) . (2) . 3 1- : Hp ,year\ D‘D . 3 . R l y e a : 3 h . Prop 

The above proposition gives the first stage in the proof that cr is trans- 
finitely hereditary. The second stage, similarly, requires as a preliminary 
the proof that if y, is an existent sub-class of <r having no maximum, then 

Qjix lt f l u (Qto)*“lt<// A 

is a transfinitely hereditary class. This proof is provided by *257-24-241'242. 
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*25724 4 : Hp *257-2 max g ‘/i, . D . R^Q^^p C Q lu “p 

Dem. 

4 , *91-52 . *201-18 . D 4 : Hp. z e . D .*Q Sx ‘z = (Q R ^‘ll‘z . 

[*37-40.*13-12] D . g ! ( Q Hx )#‘R‘z n p . 

[*3746] 3.K f (Q & VV d) 

4 . *205-123. 3 4: Hp. D./iC Qr x “p (2) 

I- .(1).(2). : Hp .zeQ Rx “p. 3 P ■ Prop 


*257 241. H:Hp*2S7'24.D.H“(Q Ji ,‘V u (Q Kl Vlt*)C&/VC(Q„,)*‘'lt g V 
Dem. 

4 . *90"164.D 4 : R G Q . 3 . R t{ (Q Kx )%.“\tQ* p C (Qa*)***^*//* (1) 

4.(1). *257-24.34. Prop 


*257242. 4 : Hp *257-24 . p = QrJ‘p u ■ 


Dem. 


aCp.g 4*. ! maxg^-, 3 ■ Hq'clC p 


4. *206-15. 3 4 : Hp . g ! p rip‘Q“a. w llga. 3 . g! /u, - Q'w (1) 

4. *201-521 .D4;Hp./iCo- .D./x-Q'wC^w (2) 

4.(1). (2). 34:Hp(l).3. a ! /A nQ*‘«' (3) 

4 . *205-123 . 3 4 : Hp . 3 . p C V (4) 

4.(3).(4). 34:Hp(l).3.i0eQ Jta ‘V (3) 

4.*206-24. 34:Hp./*CQ"a.aCQV-3. = (6) 


4 . *200 15 . 3 4 : Hp. g ! a a (fL)*‘%//* ■ 3 C (Q fe )*‘‘iV/x (*) 
4. (5). (6). (7). 3 4. Prop 


*257 243. 4 : Hp *257‘24 . D.(tf*Q)‘® = Q R “p u p‘Q r J‘p [*40‘53.*205 123] 


*257-25. 4 : Hp *257-24 . 3 . (R*Q)‘x r = Q /fx ‘V u (Q /ix y ‘ltg> 

Hew. ^ 

4 .*257 242 . 3 4 :Hp.3. WQifcV'%V} CQ^ 0> 

4.(1). *257-241.3 4. Prop 


*257-251. 4 : Hp *257*24 . 3 . (Q^)*“ly^ = p ( Q lix ei( p 
Dem. 

4 . *257-25-243 . 3 4 : Hp . 3 . Q r J‘p u (<L)*“1V/* = <?**“/* « ■ 

[*200-53.*24-481] 3 . (Q fi ,)*‘%^V = p'0L“/* OK Prop 
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[PART V 


*257 252. H : Hp *257-24. g '.p'Q^p • ^. QrJ ( p =p‘Q**“»tQV ■ H ! Wp 

Dem. 

h . *257-251 . *37-29 . D b : Hp. D . g ! lt g > (1) 

[*200‘53.*40-62] D . V/* C (i?*Q)hc - (&,*)*“ V#* 

[*257-251] C ( R*Q)‘z-p'Q^P 

[Hp.*10'57-*257-243] LQj^^p (2) 

h . *201-51 . *40-67 . D h : Hp . D . Q s “fi C p'oL“ V/* (3) 

K(l).(2).(3).DKProp 

In order to complete the proof that cr is a hereditary class, we have to 
introduce the additional hypothesis 

ltg [ Cl ex‘(R*Qy% e 1 --> Cls. 

With the help of this hypothesis, the last stage of the proof is provided by 
the following proposition. 

*257-26. h : Hp *257-2 . lt e [ Cl ex‘(R*Q)‘x e 1 ->Cls . D . S Q ‘a- C <r 

Devi. 

t-. *257-251-252 .Dbr.Hp.^Co-.gV.g U t Q ‘p. D : 

^ ( J£*Q)C; = Q/i/!tg‘/i U (^Ra;)^ ( ltg f /i . Qfe‘ltg f /A = QrJ‘P ‘ 

[Hp] D : \t(/fi ep‘Q“(R*Qy.T : yQn x \t(/p . D v . Q R Jy = (Qn^^^y : 

[Hp] D : ltg‘/A e o- D h . Prop 

*257-261. h : Hp *257-26. D.(^*^)^= <r [*257-11-23-26] 

*25727. h:Qe R1‘J n trans . R <r R1‘Q n Cls -* 1. 

Ito [ Cl ex‘(i2*Q)^e 1 -* Cls . D . 

Qiu € Ser . Q u , = (R\Q*)t( R*Q)‘% 


h .*257-261 . D 

h : Hp . D . (R*Q)‘x C p‘Q“(R*Q)‘x § {zQ nx y . D,. Q Bj ‘z = (l) 

h . (1). D h :: Hp . D Q Kr e connex 2 e D l Q Rx . D z : zQ Sx w. -y,. zR \ {Qr^^w 

[*5 -3 2. *4‘71 .*257 • 121 ] 

D Ca-x e connex :. zQ Bx w ,=^ w .ze D'Q^ . zR | Q%u ?. w e C'Q^. 
[*36-13.*2‘57-121] D :.Q Rr e connex . = (R j Q*) £ :: D h . Prop 

We have thus proved that is a series. No additional hypothesis is 
required to prove that it is well-ordered, as we shall now show. 

*257 28. f : Hp*257 27 . y C (R*Q)*x . g ! /* . muxgV— A . g \p t Q [i y t p ,. D . 

p'Qii/'p - ( f 5«x)*“lt v V • Qiu“p = ItyV [*257-251-27] 
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*257 281. Y : Hp *257-28 . E ! It q ‘y ■ 3 . 

P‘Qnr“f i = (Qrx )*‘ItgV ■ QrJ'' y = Qjte^tgV [*257-28] 

*257-29. h: Hp *257‘27 . «r e D‘i2. D . 0‘Q^ = (i2*Q)‘aj. = a; 

Dem. 

H . *257-27-126 . *202-55 . D h : Hp . D . = (R*Q)‘x (l) 

h . *257 14. D Y : Hp. D . (R*QYx - i l x C Q^x (2) 

Y . (1). (2). D Y . Prop 

*257-291. Y : Hp *257 27 . # ~ e D‘i2 . D . = A [*257 16 . *200 35] 

*257 3. h : Hp *257 27 . D . = D‘iJ ^ <22*Q)'ar 

Dem. 

Y ,*257‘27 . D h Hp . y e(R*QY%. D : g ! = . g ! Q*‘R‘y. 

[*257-141] = . E! R*y D h . Prop 


*257-31. t-: Hp*257 27 . y C (R*Q)‘x . g ! y , ~ g ! ma x Q ‘y. g ! p^^^y.D. 

seq (QjuYy = lt Q ‘/i [*257*28] 

*25732. h : Hp *257-27 . y C (R*Q)‘%. g ! ma x Q *y . g lp‘Qnx“y ■ 3 . 

seq = #‘ niax (Q^y 

Dem. 

Y . *257 3 . D h: Hp . D . y C D‘i2. 

[*257-27.Transp] D . Q*‘max (Q^Yy = Q‘R ‘max (Q^)V : 3 Y . Prop 

*257*33. Y : Hp *257*27 . y C (R*QYx . g ! /*. g ! . 3 . E ! seq (Q^y 

[*257-31-32] 

The above proposition together with *257'27 shows that Q Bx is well- 
ordered, in virtue of *250*123. 

*257 34. h : Hp *257 27.3 . e Q 

Dem. 

Y. *257-291 . Dh:Hp.0~eD'/2. (1) 

I-. *257-29 . *20614. D h : Hp. areD‘i2. D . seq/A = ar (2) 

f- .(2).*257-33.3 

h Hp . x e D‘R . D :yC (i2*Q)‘ar. g \p t Q R3 . tt y. . E ! seq (Q^Yy ■ 

[*257-29.*206-131] 3 : g lp‘(L“(y * C“Q fe ). 3„. E ! seq (&*,)'/*: 
[*250-l23.*257-27] 3 : e H (3) 

h ■ (1). (3). 3 f*. Prop 
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[PART V 


*257-35. h : Hp *257-27 . D . R p (R*Q)‘x= (Q^), . R £ (R*Q)‘xe 1 -> 1 
Dem. 

h . *257-32 . Z> h Hp . D : y e D ‘Q Rx . D . seq {Q Rx )‘i'y = R‘y (1) 
h . (1). *206-43 . *204-7 . D h . Prop 

*257-36. 1- :Hp *257-27 , x eD'P.D. 

C‘Q Rx = {R*Q)‘x . a ( q Rx = (R*Q)‘v - i*x . 

B‘Q R£ = X .~B‘Q JU = (R*Qya>-D‘R [*257-29 3] 
The following propositions are concerned in showing that a relation P 
which satisfies the hypothesis of *257‘5 is identical with Q thus showing 
that this hypothesis is sufficient to determine P. 

*257-5. b : H p *257‘27 . P e trans . C‘P C (P* Q)‘x . P P* = U £ (P* Q)‘o, 

It p [ Ci ex‘(P*Q)‘tf = ltg f Cl ex‘(P* Q)*x . D PGJ. G‘P = {R*Q)‘a; 
The above hypothesis is not all necessary for ttie present proposition, 
but it is necessary for the series of propositions of which this is the first. 

Dem. 

h . *37-41. D h Hp . D : D‘(P - P a ) = P“(P*Q)‘a- n (P*Q)‘« 

[*257’36] = (P*Q/;rnD‘P (1) 

b . *32 - 14 . D h : Hp . D . ltp‘{(P*Q)‘# n D'Pj = ltg‘{(P*Q)‘#n D‘P; 
[*257-36] = (P*g)‘*-D‘P (2) 

b . (1). (2). D b : Hp . D . ( R*Q)‘z : C C‘P . 

[Hp] D.(P*Q)‘® = C'P (3) 

b.(3). Dh: Hp.D:^eD f P.D.^P^P 2 (P^). 
l*34’5.Transp] D.<^>(wP%) (4) 

h . (3). (4). D b . Prop 

*257 51. b : Hp *257'5 . D . C‘P = P*^ 

Dem. 

b • *257 123 . *90-16 . D b : Hp . 3. R“%‘x C %‘w (1) 

b . *90-13 . D b : Hp . D . lt Q “Cl ex‘P*'a = lt P “Cl ex'P*‘a?. 

[*90-163.*40-61] D.lt g “Clex f P^CP^ (2) 

b . (1) . (2) . D b : Hp. D . (P*Q)‘a CP # f * (3) 

b. (3). *257-5. Db. Prop 

In order to prove P = we first prove P e ft. The proof proceeds as 

for Qrx> but in some points it is easier. It is merely outlined below, as it 

closely resembles the proof for Q^. 

*257 52. I-: Hp *257*5 . 

= p‘P“C‘P a p (zPy . . F“z = %‘R‘z ). 3 . R“a- C o- 



SECTION D] 

Deni. 


THE TRANSFINITE ANCESTRAL RELATION 


95 


1- . *34’5 . Transp . *201 18 . D F P l = R £ (R*Q)‘x . y e p'P^P'P . D : 

zP (R‘y) . D . ~ (yPz) : zP*y O. zP (R'y) : 
[Hp] D : zP(R ( y ). = . zP % y (1) 

As in *257*2'21, using Up [Cl ex‘(P*Q) f # = lt^ [Cl ex ( (R*Q)‘%, we prove 
V : Hp .years D‘P . p = P%y u P%R‘y . D . JP‘p C p . $q‘p C p . 

= (2) 

1- (1).(2). D I- :Hp.ye<ro D‘R .0 . P‘y = P*‘R‘y (3) 

K (1) . (3) . D y -: Hp . y e a n D‘P .0 . R‘y e a : D h . Prop 
*257521. 1-: Hp *257 52 maxP/i,. D. 

(R*Q)‘% = P'V u P # “ltpV 
[Proof as in *257-25, by similar stages] 

*257o3. t-Hp *257 5 . D : P 6 Ser: g e D‘P. 3,. %z ^F^hz 
[Proof as in *257-27] 

*257'54. I-: Hp *257 5 .D.PeO [Proof as in *257‘34] 

*257 55. V : Hp *257-5 . <r = p (P‘t/ = <L‘y ). 3 . R“a C a 
Bern. 

I-. *26P53. D I-: Hp. y e C'P . D . P‘P‘y = C‘P - P*‘P‘y 
[*257-53] =C‘P~*P‘y 

[*257-53] = P‘yupy (1) 

K (1). D h : Hp . y e a . D . lP‘R‘y =~QnJy v l‘y 
[*257-22] =~Qk/^ Ob- Prop 

*257-551. I-: Hp *257 55 . D . V<r C r 
Dem. 

h . *257*53 . D 

h : Hp . /i C cr . a ! p .. s = lt e y. D . P‘z = {(P*Q)‘# n u P“p, 

[Hp] = {(R*Q)‘x r\p}v 

L *257-27] OK. Prop 

*257-56. I-: Hp *257*5 . D . P = 

Dem. 


h . *257-51-54. D h : Hp. D . P*x — A. 

[*257*36] (1) 

h . (1). *257-55-551. D F Hp . D : y e C‘P . . P‘y = Q te ‘y :0 h . Prop 

This proves that the conditions in the hypothesis of *257*5 are sufficient 
to determine P. 



*258. ZERMELO’S THEOREM. 


Summary of *258. 

In this number, we shall first show the applicability of the propositions 
of *257 to the case where the Q of that number is replaced by logical 
inclusion combined with diversity, ie. by any one of the four relations: 
a/3(aC/3. a^/3), a/3 (# C a. a /3), 
MN(MCN.M^N), MN (N Q.M. M^N). 

If we put Q = ot/3 (a C ft . a 4= $), 

and if tc is any class of classes, then s‘tc is the maximum of tc with respect to 
Q if s‘tcetc, and the sequent of tc with respect to Q if s* terete (*258T*11); 
similarly p l tc is the minimum of tc if p ( tc e tc and the precedent of tc if tc 

(*258T01T11). Hence every class of classes has a unique maximum oi 
a unique sequent with respect to Q, and every class of classes has a unique 
minimum or a unique precedent (-*258*12); we have, moreover, 

ltg = s T (- Ghnaxg) . tl Q = p[(- (Tming) (*25813131). 

Hence ltg, tig e 1 —♦ Cls (*258*14), and Q and Q therefore satisfy the most 
exacting part of the hypotnesis of *257 27. Also Q and Q are Dedekindian 
relations (*258*14). (They are not series, because they are nob connected.) 

An exactly similar argument applies to MN (M Q. N. M 4= AT). Hence if 
Q is any one of the above four relations, and if R is a many-one contained in 
Q, it follows from *257*34 that Q with its field limited to the transfinite 
posterity of any term is a well-ordered series. If we take Q = cl#(aC#.a 4=$), 
and take any initial term a, our series proceeds to continually larger classes, 
proceeding to the limit by taking the logical sum, i.e. if tc is any existent 
sub-class of the posterity of a, s‘tc= limaxg'/c = limax (Qbo.)‘/c (*258*21*22), 
where Q Ra has the meaning defined in *257. This process stops with 
s‘[D‘E n (.R*Qy#J if D f I2 n (-R*Q) ( £ has no maximum; otherwise, it stops 
with the 12-successor of this maximum, which is max</{(7(R n (i2*Q) f «j. 
If, on the other hand, we take Q to be the converse of the above, we proceed 
to continually smaller classes, and the limit of any set of classes tc having no 
last term is p‘tc . In this case, if, starting from a, every existent sub-class of 
a belongs to D‘I2, the process of diminution cannot stop short of' A. This is 
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the process applied in Zermeh/s theorem. We have the e a class p ) assumed 
to be not a unit class, and a selective relation S for existent sub-classes of 
p, i.e. a relation S for which S e e^Cl ex f ya. Then our relation R is the 
relation of a to a - L‘S e cc, i.e. the relation of an existent sub-class of p to the 
class resulting from taking away its S- representative. Thus Qr^ is a 
well-ordered series, which starts from n and ends with A. Omitting the 
final A, 8 selects a representative from every member of the field of Qr^, 
and the series of these representatives, i.e. S’Qr^, is similar to Qr^ with the 
final A omitted. Moreover every member of p occurs among these repre¬ 
sentatives, for, if x be any member of p, let k be the class of those members 
of C f Qnn of which x is a member. (There are such classes, because (ieC‘Q Rx 
•and xe ft.) Then xep‘tc, and by what was said earlier, p‘tc is a member of 
tyQntj.- Hence, by the definition of k, pOce/c, and therefore p‘ic = max^fic. 
Eut no class smaller than p c K can belong to k, and therefore p { K — i i 8 i p ( K is 
not a member of ac, and therefore x is not a member of p‘/c — i‘S t p i K. Hence 
# = and therefore x occurs among the representatives of members of 

^‘Qria, which was to be proved. (The above is an abbreviated rendering of 
the symbolic proof given below in *258*301.) Hence the field of S’^Qr^ is p, 
and therefore there is a well-ordered series having p for its field, provided 
eA f Cl Qx‘p is not null (*258*32). This is Zermelo s theorem. 

The converse of Zermelo’s theorem has been already proved (*250 51). 
Hence the assumption that a selection can be made from all the existent 
sub-classes of p is equivalent to the assumption that p can be well-ordered 
or is a unit class, i.e. 

*258*36. h : p e C“Q w 1. = . g ! e^CI exfia 

Hence also, by *88*33, the multiplicative axiom is equivalent to the 
assumption that all classes except unit classes can be well-ordered, i.e. 

*258 37. h : Mult ax . = . C“tl v 1 = CIs 

Hence also, in virtue of *255*73, the multiplicative axiom implies that of 
any two unequal existent cardinals one must be the greater, i.e. 

*258'39. b :: Mult ax . D p t v e N 0 C . D : p^.v . v . p> v 


*2581. b Q = <5/3 (a C J3 . a^/3) • 0 : s‘tc e k . D . s‘k— ma x q ‘k 
Rem. 

b . *205101. D b :: Hp . D 7 max^x . = : 7 eAc:ae*.D 0 .~( 7 Ca.Y^a): 
[Transp] =: 7 e/c:ae/c.a^ 7 .D„.f^t 7 Ca) (1) 

b . ( 1 ). *101. D b :: Hp . s*k e k . D 

7 maxgK .= :7€/c:«e/c.a4 : 7.3a.' >J (7Ca): s‘tc =b 7 . D . ~ (7 C : 
[* 4013 ] = :y e k : ae tc . a =}= 7 . 3 a ■ ~ (7 C a) : s‘/c = 7 : 

[Transp.* 4013 ] = : 7 e k . s‘tc = 7 : 

[Hp] = : s‘tc = 7 :: D b . Prop 

E & W 111. 



98 


SERIES 


[PART V 


*258101. 8 : Hp *2581 . p‘fc e * . 3 .;/« = min<//c [Proof as in *2581] 
*25811. h : Hp *2581 . s‘tc ~ e * . 3 . seq q‘k — s‘tc 
Dem. 

h . *40'53 . 3 h : Hp . 3 . = 7(aeK.3 a .aC7.a=f7) 

[Rp.*40151.*10*29] = $(s‘/cC 7 ) (1) 

h . *401. *22-42-46.31-. = p‘y ( s‘k C 7 ; (2) 

K (2). *258-101.3 h : Hp . 3 . s‘k = min</$ (s‘* C 7 ) 

[(!)] = seq e ‘« : 3 f-. Prop 

*258111. I-: Hp *258-1 ,p‘tc ~ e « . 3 . prec^/e = [Proof as in *258*11] 

*25812. h Hp *258’1. 3 : E ! max*/* . v. E ! seq</*: 

E ! . v . E ! prec Q ‘« [*258-110111111] 

*258-13. I-: Hp *258-1. 3 . lt e = s [ (- (I f max e ) 

Dem. 

—> 

h . *2581 . Transp .31-: Hp . ~ 3 ! maxQ ( « . 3 . s‘k <■<> e k . 

[*258*11] 3 . It/* = 8*k : 3 h . Prop 

*258131. b : Hp *258-1.3. tl c =p f (- (Pmin e ) [Proof as in *25813] 
*25814. h : Hp *258'1. 3. Q, Q e Ded . lt e , tl e e 1 —* Cls [*2581213131] 

*258 2. h : Hp *2581 . R e R \‘Q n Cls -► 1.3 
Dem. 

K *25814.3 K-Hp. 3. Hp *257*27 ( 1 ) 

h. (1). *25734.3 K Prop 

*258-201. i .Q = dj3((3Cct.cc^/3).R€ RPQ n Cls —»1.3. Q% a e H 
[Proof as in *258-2] 

*258-202. YiQ = M{M(LN .M^N).Re RPQ n Cls -* 1 .3 . Q B x e il 
*258-203. h : Q = MN{N G M . M^N ). R eRPQ n Cls-> 1.3 . 

*258 21, 1 -: Hp *258'2 . k C (R*Qya, 3 . s‘tc = limax^/c 

Dem. 

h . *25813,3 h : Hp . ^ g ! maxg‘/c. 3 . s‘tc = ltg‘/c ( 1 ) 

I-. *258-2 . 3 I-Hp . g ! max g ‘« . 3 : ( 37 ) : 7 € tc : a e k . 3„ . a C 7 : 
[*40‘151] 3 : s‘k e k : 

[*258'1] 3: s‘/e = max^/c (2) 

h . ( 1 ) . ( 2 ) .31-. Prop 

*258 211. h : Hp *258 201 . « C ( R*Q)‘a . 3 . p'tt « limax^* 
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*258 22. h : H.p*258'2 . a e D ( R . k C (R*Q) ( a . g ! * . D , s‘k = lirnax (Q# a )‘*- 

Dem. 

h . *258'21 . D h : Hp . s‘k ~ e «. D . s‘k = lt^Oc. 

[*257-13] 3 . e;(JR*Q) f a . 

[*210 233] D ,s‘k = limax {Qju^k, : D h . Prop 

*258-221. h : Hp *258'201. a e D‘12 . k C (R#Q)‘a . D . p f K = limax (Q^k 

*258 23. I-: Hp *258 2 . a e D‘R. D . Q Ra e Ded . s‘(R*Q)‘<x = B'Qr,. 
[*258-2-22 . *250 23 . *205-121] 

*258-231. h s Hp *258201. a e D ‘R.l.Q^e Ded . p ( {R^Q)‘a = B'Qju 
*258-24. h:Hp *258-2.D. 

(. R*Q)‘a = /3 (a e <r . R“<r C a-. s“ Cl ex V C <r . . £ e <r) 


Dem. 

K *2581-13. *257-1.3 

h : Hp . D . (_R* Q)‘a C /3 (a e <r . J2“<r C <r . s“Cl ex f <rC<r. D^./detr) (1) 

h . *257 123 . D h : Hp. D . R“(R*Q)‘<x C (JS*Q) f a (2) 

I- . *258-22. D h : Hp . fi C (R*Q)‘<x. a I n ,. D . .P/ue(.R*Q)‘a (3) 

K*25712. Dh:Hp.D.ae(j2*Q)‘« (4) 

h . (2). (3). (40. D 

h :. Hp : a e a . ii“cr C tr . s“Cl ex ( <r Co-.3 ff ./3eerO./3e (l£*Q)‘a; (5) 

h . (1) . (5) . D h . Prop 


*258-241. h:Hp *258-201. D. 

(R%Q)‘ot = $ (a e a . R“a C a . j 0 *‘Cl ex f <r C <r . D* . /? e cr) 
*258 242. h : Hp *258 202 . Z). 

{R%Q)‘X = Y (X e a . R“a C cr. s“Cl ex‘cr C cr . . Fe <r) 

*258-243. h : Hp *258'203 . D . 

(£*<2)‘X ~ F(X 6 <r . R“* C <r. p“Cl ex‘cr C <r . . Yea) 

*258-3. I- : Q = Z/3 03 C a . a * 0) . S e e/Cl ex^ . 

R = afi(<X€ Cl exV ./3 = a — P$‘a). D . e H. ^iQ^smor £ (- PA) 
Dem. 

I-. *8014. D h : Hp . D . J2 G Q . JB 6 Cls -> 1. D‘R = 01 exV. C‘R = C\‘/i (1) 


1-. (1). *258-201. D h : Hp . D . Q R/i e H (2) 

1-. *257-35 . D h : Hp . D . E £ (7‘Q^ ei-»l. 

[(l).Hp] (3) 

K *257 14. DhsHp.D.C'Q^CClV ( 4 ) 

K *80-14. Dh:Hp.D.a^=ClexV (5) 

K (3). (4) . (5). D h : Hp . D . smor l (- PA) ( 6 ) 

h . ( 2 ) . (6) . 3 h . Prop 
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[PART V 


*258-301. h : Hp *258-3 . e p • « « n e ‘a . 3 . = S‘p‘tc 
Dem. 

h . *257-36 . 3 F : Hp. 3 . p e C‘Q Rfl . 

[Hp] D. 3 !« (1) 

K (1). *258-241. 3 h : Hp . 3 . p‘/c e (R*Q)‘p . 

[*257-36] D.p'tceC'Q^ (2) 

h . *40"1. 3 h : Hp. 3 . cc ep‘tc (3) 

K(2).(3). 3b:Hp.3.^*6*. 

[*258‘101] 3 . p*K = maxQ f /c (4) 

h - (4) . J h : Hp. 3 . ( p‘ic — L l S i p t K) k. 

[*257 l21.Hp] 3 .x^cWk-i'S'p'k) (5) 


h . (3). (5). . 3 V : Hp . 3 .x € i‘S‘p‘k : 3 h . Prop 

*258-31. h : Hp *258'3 . p ~ e 1. 3. C*S'yQ Rfl ~ p 

Dem. 

h .'*80-14. 3 F : Hp . 3 . d‘S = Cl ex‘p . 

[*150-36.*257-14] 3 . S’>Q Rll = 8’>Q Rfl £ (- t‘A) . &Q& £ i‘A) C CHS. 


[*150-22] 3 . = S“C‘Q Rtl £ (- i‘ A). 

[*202-54.*257-125] 3 . - i*A) (1) 

h . *83 21.3 h: Hp.3. S'WQj^ C (2) 

h . *258-241-301 .Dh:Hp.^e/i.D.ice £“{(P*Q)V - t'A}. 

[*257-36] D.fceS^C'Q^-i'A) (3) 

h . (2). (3). 3 b : Hp. 3. S“(C‘Q Rtl - i‘A) = p (4) 

h . (1) . (4) . 3 h . Prop 


*258-32. h ~ e 1. a ! 6 a ‘C 1 ex V 3-/**£“*! [*258-3’311 
This is Zermelo’s theorem. 

*258321. h : Hp *2583 . pQ Rtt a . D.S‘/3~€ct 
Dem. 

h . *250-242 . 3 h :. Hp . 3 : a - (Qj^VP . v . (§4‘^a ; 
[*257-35.Hp] 3 : a C /3 — :. 3 h. Prop 

*258'33. H : Hp *258 3 . p ~ e 1 . P = . 3. S = min P £ Cl ex‘p 

Dem. 

h. *80-14. D h : Hp.aCyu,. g ! a . 3./S f ae a (1) 

h.*258-321. 3h :Hp(l).x € a.D.~(r i i3).i3Qj Rti a.x = S‘0. 

[*150-4.Hp] 3.~(#PS‘a) (2) 

K (1). (2). *2051.3 h : Hp (1). 3 . min P a . 

[*258’3] 3 . S*a = min p ‘a; 31-. Prop 
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*258*34. 

*268*35. 

*258*36. 

*268*37. 

*258*38. 

*258*39. 


b € 1. D : 

Se e A ‘Cl ex‘fi. s . (gP). P e H . C‘P = yu.. S = min*. [ Cl ex^ 

[*250*5. *258*33] 

b : /i e . = ./* ~ e 1 . a ! e A ‘Cl ex' M [*200*12.*250*51 .*258*32] 

b: ^ e o 1 . = . g ! e/Cl ex V L *258*35 . *60*37 . *83*901] 

I-: Mult ax . = . w 1 = Cls [*258*36. *88*33] 

b Mult ax . D : Nc‘a < Nc ‘j3 . v. Nc‘a = Nc‘j9 . v . Nc‘a > Nc‘ft 
[*255*73 . *258*37 . *117*54*55] 

b :: Mult ax . D N 0 C . D : p . v . /a > v [*258*38] 



*259. INDUCTIVELY DEFINED CORRELATIONS. 

Summary of *259. 

In the theory of well-ordered relations, we often have occasion to define 
a relation (which is generally of the nature of a correlation) by the following 
process: Given a relation S, let be a relation (generally a couple) which 
is a function of S. Let us put 

AJS^SwW'S. 

Then, starting from A, we form the series 

A., A A, A if A ff A, etc., 

each of which contains all its predecessors. We proceed to the limit by 

taking the sum of all these relations, i.e. s‘(A jr )j|/A; we then proceed to 
<—~~~ . 

A^sfAw)^ k, and so on, as long as possible. The sum of all the relations 
so obtained is a function of W, and is often important. 

As an example, we may consider the correlation of two well-ordered 
series P, Q, which is dealt with in *259‘2—'25 below. In this case, we put 

W-XT{X = seqp‘D‘2 "i seq/(TT}. 

Hence W‘k = A W ‘A = B‘P J, B‘Q = 1 P J, l Q) 

A fl/Ajj/A = lp 4 . Iq ^ ^ 2 q, 

and so on. 

Proceeding in this fashion, we can continue until one at least of the 
two series P, Q is exhausted. We thus obtain a new proof that, of any two 
well-ordered series, one must be similar to a section of the other. 

For convenience of notation, let us put temporarily 
A = ST{SCT.S^T) Dft. 

We then have A e RFP n trans . A w e RIM nCls-i 1, which is part of the 
hypothesis of *257’27 and following propositions. The rest of this hypothesis 
follows by analogy from *25814 We now put 

W A =s l (A w *A)‘k Df. 

Then W A correlates the whole of P with part or the whole of Q, or vice 
versa. This is proved in *259‘25, below. 
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For other values of W, we get other results, often of a useful kind ; for 
example we shall have occasion to use the methods of this number in *273 
which deals with series similar to the series of rationals. 

The present number gives, first, some elementary properties of (/l^A/A 
and W A for a general relation W, concerning which we only assume that 
W*S is never contained in S, i.e. W n(G) = k (except in *259 121-13, where 
we also assume W e 1 —» Cls). We then proceed to deal specially with the 
case where 

W = XT \X = seqpHPT 7 J, seq^fTT} 

as explained above. 

*259 01. A = ST(SGT.S^T) Dft [*259] 

*25902. A w = ST(T=Sv W‘S) Dft [*259] 

*25903. W A = s‘(A w *A)‘k Df 

In the following propositions, which result from those of *258, it is 
essential to have A^GA. For this we require that TPS, when it exists, 
shall not be contained in 8. It will be observed that, according to the abovt. 
definition, 

A* = ST(SGT). 

Hence instead of using “ G ” as a relation, which is notationally awkward, we 
shall use A%. Thus the condition we wish to impose upon W is that we are 
never to have (IFhS)A^S. This is insured by 

W 8 .4* = A, 

which accordingly appears as hypothesis in the following propositions. 

*2591. h: A e RIM n trans . lt^ e 1 —» Cls : 

W8 A* = A.D. A & cRI'A nCls—>1. YL(A^, A)eD 

Dem. 

As in *25814, h - lt^ e 1 —♦ Cls (1) 

h . *201T8 . D h :. Hp. D : MWS . D . ~ (M G S) (2) 

h . (2). (*259-02). ZM-Hp .D : SA W T .D . SGT. T . 
[(*259-01)] D.SAT (3) 

h . (1) . (3) . *258-202 .Db. Prop 

In the following proposition, the notation A (A w , A) is that defined in 
*257 02, adopted because A w cannot conveniently be used as a suffix. 
*25911. h : E ! TP A . TF * A* = A . D . 

W a = B‘Cw‘A (A w , A). s“C\\A w *A)‘k C {A w *A)‘k 

Dem. 

h . *258-242 . *259-1 . D b : Hp . \ C (A w * A )<A . J . s l \ e (A n ,*A)‘k (1) 

h.(l). D h : Hp . D . W A e(A W *A )‘k (2) 

h.*41-13. Dh :'ELp.Te(A w *A) t k-i t W A .^.TAW A (3) 

K (1).(2).(3).D h . Prop 
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*259 111. h:. rn4=A.S,T e (4^i)‘A. 3 : S Q T . T G S 
[*2591 . *257-36] 

*259 12. I-: S e D‘A w . = . E ! TPS [(*259-02)] 

*259121. h: Wei-*Ch .D .D‘A w =a‘W [*25912] 

*259122. h : FnA* = k.xW A y.\ = (A w *A)‘A n T {^(xTy)} .D.x{W‘s ( \)y 
Dem. 

V. *259 11. Dh:Hp.D.s‘\ 6(^*4)^ (1) 

[Hp] D.s‘\e\ (2) 

t-. (1). (2). *257-3 . D h : Hp . D . s‘\ e D‘A w . 

[*25912] 3.EITO (3) 

h.(3) k 3t-:Hp.3.(s f \)A(AH/s‘X). 

[*257-121] D.A^X^A^A/A-X. 

[Hp] D .x{A w ‘s l \)y (4) 

h . (2). (4). D I-: Hp . D . ~ (s‘X) y).x{A w ‘s‘\) y . 

[(*259-02)] D . x ( W‘s‘\) y : 3 h . Prop 

*25913. h: F54=A. We 1 -► Cls . D . W A = s‘W“(A w *A)‘A 
Dem. 

h . *259 122 . D I-: Hp. D . W A G s‘W“(A W *A)‘A (1) 

h . *257-123 . D h : Hp. D . s‘TP‘(A>r*H)‘A G W A (2) 

h . (1). (2). D h . Prop 

*259*14. h W r\ A* = A : S€(4^4)‘A n 1 —> Cls n Q.‘W. D s . 

W 1 <S e 1 -> Cls . CHS n (H W‘S = A : D . W A e 1 -► Cls 

Dem. 

I-. *71-24 . (*259-02). D h Hp . D : 

8 e (A w *A)‘k n 1 -* Cls . D . A W ‘S € (A r * A)‘A n 1 -> Cls (1) 
t-. *259-111.D h Hp . S, T e (A W *A)‘ A : SGT .v . T G S (2) 

h . (2), D I- :Hp.XC(A ir *A)C\.^(s ( X)^.2/(s‘X)^.D.(a^)-2 1 6X.^.^ (3) 
b . (3). D b : Hp . X C (A , r * A /A n 1 —► Cls .a?($‘X) z. y (HX) z .3 .x = y (4) 
h.(4).Dh: Hp . X C (A w * A )‘A n 1 —► Cls . D . s‘X e 1 -> Cls (5) 

b . (1). (5). *258-242 . :> b : Hp . D . (A^*A)‘A C 1 -» Cls . 

[*259-11] D . W A e 1 -> Cls : D b . Prop 

*259141. 1-:. TFnA*-A : Sr (A, r *A)‘A n Cls-» 1 n (HF . D s . 

IP'S e Cis —» 1 . D‘S n D‘ W l 8 = A O . TF^eCis^l 
[Proof as in *259 14] 
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*25915. b:. FA^*=A:Se(^*AyAAl-»l a^TT . 3 S . 

FSSe 1 —» 1. DSSa D‘TF$ = A . a*$ a G f W*8 = A : 3 . W A el-*l 
[*259*14141] 

The following proposition is a lemma for *273*23. 

*25916. b\. W nA# = AiT e(A w * A)‘A a a< If. P £ T>*T = T>Q . 3 T . 
Pt(A w ‘T) = (A w ‘Ty>QiOi 

P [ D‘ W A = W/’Q :Te(A W *A)‘ A. . P t 0<T= TiQ 

Dem. 

b . *259*111.3 h Hp. X C (A^* A)‘A . 3 : 

®(PtD'a*X)y.s.(af).2 , eX.e(PDD'r)y (1) 

b . (1) . 3 1-Hp ■ \ C (A w *A) ( k : T e X. 3 r . P £ D ‘T= T>Q : 3 : 

*(PtDVX)y.s.( a r).2 l eX.®(2 T iQ)y. 

[*259*111] = . (gpS, T).S,Te\.a;(8\Q\T)y. 

[*1501] s.a^iQJy (2) 

b . (2). *258*242 . 3 1-: Hp . T e(A^A/A. 3 . P £ D‘T = T 'JQ (3) 

h . (3) . *259*11. 3 h . Prop 

The two following propositions are lemmas for *273*22*212. 

*259*17. b W a A* = A : S e (A W *A )<A * <J‘ W . 3 S . 

ass n a* jp$— a *. 3 . a r* (a w *aya * 1 -> 1 

Dem. 

b . *250*242 . *257*35 . *259*1.3 

h:.Hp.S J 2 T e(A»,*AyA.S* T.Dt A W ‘S(ZT .v . A^T G S : 

[(*259*02)] 3 : a* F‘£ C a‘T. v. 0‘ IF^ C OSS: 

[Hp] 3 : OSS + d‘T 3 h . Prop 

*259171. b:. FAA* = A:Se(A H ,*A)‘AAa‘F.3 5 . 

T>‘S a D‘TTO=* A : 3. D f* (A^*A)‘A e 1 -> 1 
[Proof as in *259*17] 

*259*2. b : W~ ±f{X = seq P ‘DT| seq^T}. 3. W A e 1 -» 1. W nA*=A 
Dem. 

b . *72182.3 h Hp . 3 : T e a* F . 3 . W*T <? 1 -» 1 (1) 

K*206*2. 3h:.Hp.3:7 7 ea‘TT.3.D‘7 , AD < ^T=A.a < 7 T Aa‘M r ‘T=A (2) 

b . (2) . *55*134.3 b : Hp . T e a< F . 3 . - ( W‘T Q T) (3) 

h . (1). (2). (3). *259*15.3 b . Prop 
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*25921. b : Hp*2592 . G P. 3 . W/’Q CP.D'W^C C*P .CP W A C C‘Q 


Dem. 

b . *206-133.3 I-: Hp . Te CP W . 3 . ( W‘TY>Q = A (1) 

t-. *206-21 . 3 H : Hp (1). 3 . seq Q ‘U‘P~ e Q“CPP . 

[*37-461] l.(W*T)\Q\T=A (2) 

b. *206-18. 3 b : Hp (1). 3. D*A w C C‘P (3) 

b . (3). *41-43 . *258-242 . 3 b : Hp . 3 . D‘ W A C C‘P (4) 

Similarly b : Hp . 3 . CP W A C C‘Q (5) 


b . (4) . *206-132 . 3 b : Hp(1). Te(A w #A)*A . 3 . seqPD'P e//P“D‘T. 
[*40-16] 3 . seq/D'P <= yP'^^seq^CPP. 

[*40-67] 3 . (T“(Pseq Q ‘CP2’) t PseqPD‘2 1 G P (6) 

H . (1). (2). (C). 3 h : Hp (1). P e U r *4)‘A. PJQ G P. ^.{A^T^Q G P (7) 

h . *259-111 . 3 h :: X C (A w *AyA . a {(s‘\)’>Q} y . 3 

( a T).T e X.^(p;Q)y:. 

[*ll-62.*10-23] 0-..Te\.0 T . TlQGPiO .xPy (8) 

K (8). Comm. 3 h XC(P,H*:4)‘A : PeX.3 r .P;Q GP: 3.(PX)iQGP (9) 
K (7). (9). *258-242. 3 H :. Hp . 3 : Te{A w *A )*A .3 .T‘>Q(iP: 

[*259-11] 3:F^QG J P (10) 

H . (10). (4). (5). 3 b . Prop 

*259-211. b : Hp *259‘2 . P 2 G P. 3 . WJP G Q [Proof as in *259 21] 

*259 22. h : Hp *259‘2 . P e connex . 3 . D “(A jy^tAyA C secPP 
Dem. 

b . *211-22.3 b : Hp . T e G'W. D*T e secPP. 3 . D ( A w ‘Te sect‘P (1) 

h . *211 - 63. 3 H : D U X C secPP . 3 . D‘s‘\ * sect‘P (2) 

h.(l). (2). *258-242.31-. Prop 

*259*221. h : Hp *259*2 . ^econnex . 3 . Q“(P^*Jl)‘A C secPQ 

*259-222. b : Hp *259 2 . P e Ser . E ! B'P .Q 2 GJ.Te(A W *A)‘A . 3 . 

T’>Q e C‘Ps [*259-21-22 . *213 161] 

*259-223. 1-: Hp *259-2 . Q e Ser. E ! B‘Q . P 2 G J. T e (A W *A Y A . 3 . 

bp e C‘Q t 

*259-23. 1-: Hp *259 2 . P, Q e Sern CPP . T e (P ^*^)‘A . 3 . 

(gif,P) .MeC*P s .NeC‘Qs. TeM smor JV [*259*2-21-222-923] 
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*259*24. H :. Hp *259*2 . P, Q e fl. D : D‘ 1^ = C 4 P . v . (T = C‘Q 
Dem, 

h . *206*18.3h:Hp.P=A.D. W A ~k (1) 

h , *206’18 . D t-: Hp . Q = A. D . W A — A (2) 

K (l).(2).Db:.Hp:P = A.v.Q = A:>.D 4 T^ = C' 4 P.v.a 4 tf 4 = C 4 Q (3) 
h . *259-11. *257*36 .0 b : Hp . g ! P. g ! Q . D . W A ~ e DM r . 

[*259*12] D . ~ (E ! seqPD 4 W A . E ! seq,/(I 4 W A ) (4) 

h. (4). *252*1. *259*22*221 . D 

b:.nV.%lP.±\Q.D:D‘W A =:C‘P.v.a‘W A = C‘Q (5) 

h . (3) . (5) . D K Prop 

*259*25. h Hp *259*24. D : (&S). /3 € sect 4 Q .W A eP s"mof (Q £ £). v . 

(ga) . a e sect'P . If^ e (P £ a) smor Q [*259*23*24] 

The above affords a Dew proof of *254*37, which asserts that if P and Q 
are well-ordered series, one must be similar to a section of the other. In 
virtue of *259*25 (which has been proved without using the propositions of 
*254), W A is the correlator which correlates the whole of one series with 
part or the whole of the other. 

It will be observed that the relations {A w *Ayh are the class of corre¬ 
lators of sections of P with sections of Q, provided P, Q ell — i 4 A ; i.e. 

h:Hp *259*2.P,0eO-i 4 A.D. 

{A w *Ayk — T {(gilf, N) . Me <7‘P,. Ne C"Q,. TeM sliibr N\. 



SECTION E. 

FINITE AND INFINITE SERIES AND ORDINALS. 

Summary of Section E. 

In the present section we shall be concerned first with the distinction of 
finite and infinite as applied to series and ordinals. We shall then establish 
the distinguishing properties of finite ordinals, and shall deal with the 
smallest of infinite ordinals, namely &>, the ordinal number of a progression. 
Finally we 3hai) briefly consider certain special ordinals, and the series of 
cardinals applicable to well-ordered infinite series, namely the series of 
“ Alephs,” as they are called after Cantor’s usage. 

In dealing with the finite and the infinite as applied to series, we have 
constant need of the relation (P^, where P is the generating relation of 
the series. We have 

x (Pi) p0 y . = . P (x h- y) e Cis induct ~ i‘ A, 

i.e. “ x (Pi) p0 y ” holds when, and only when, there is a finite number of 
intermediaries between x and y. When P is finite, we have 

but we may have this when P is not finite. The infinite series for which 
this holds are progressions and their converses (which we will call regres¬ 
sions), and series consisting of a regression followed by a progression, of which 
an instance is afforded by the negative and positive finite integers in order 
of magnitude. 



*2bU. ON FINITE INTERVALS IN A SERIES. 

Summary of *260. 

In the present number we are concerned with the relation which holds 
between x and y when the interval P{x\—y) is an inductive class other than 
A, or when the interval P(xr-*y) is an inductive class of at least two terms. 
This relation holds if x and y have any relation of the class fin'P (defined in 
*121). We will call this relation P tQ . Thus we put 

P fn = Pfin‘P Df. 

Then xP ln y holds when xP v y, where v is an inductive cardinal other 
than 0 (*2601). This relation will take us from x to any later term which 
can be reached without passing to the limit. But if in the interval P{x f —\y) 
there is any term which has no immediate predecessor, i.e. any member of 
C‘P — G‘P], then we shall not have xP fn y. Thus P fn confines us to terms 
which are at a finite distance from our starting-point. We shall find that if 
Pefl, a necessary condition for the finitude of P is P = P fn . This is not 
a sufficient condition, since it does not exclude progressions, but these are the 
only infinite series it admits, and these are excluded by the assumption 

E ! B*P. 

Although P fn is not in general serial when P or P po is serial, it becomes 
serial when confined to the posterity or the ancestry or the family of any 
term with respect to itself (*260'32'4). When a series P is well-ordered, the 
whole series can be divided into constituent series, each of which is the 
family of any one of its members with respect to P fn (except when P has 
a last term which has no immediate predecessor, in which case this last term 
must be omitted). (Cf. *264.) Each of these series (except the last, possibly) 
is a progression, and the last is either finite or a progression. Hence every 
infinite well-ordered series consists of a series of progressions followed by 
a finite tail (which may be null); hence the cardinal of the field of an infinite 
well-ordered series is a multiple of Xo- These results will be proved later; 
for the present we are concerned with the proof that the family of any term 
with respect to P fn is a series of which., the generating relation is P fn with 
its field confined to that family. 
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In the present number we are chiefly concerned with the relations of 
P fn to We have 

*260'27. hsPpoeSer.D.Pfa^^po 

This proposition will be used very frequently throughout this section. 
Without any hypothesis we have 
*26012. KP fn GP po 
We have also 
*2fi015. KP fn = (P p0 ) fn 

Hence whatever properties of P fn result from the hypothesis that P is 
a series will result from the weaker hypothesis that P^ is a series. 

If P p0 is a series, Pin is contained in diversity and is transitive (*260'202), 
but not in general connected. 

In comparing P fn and (Pi) p0 , we constantly need the proposition 
*260 22. b : P p0 e Ser. 3 . (P 1 ) 1 = P,. P, e 1 -» 1 . (P,) p0 G J 

From *260"3 to the end of the number, we are concerned with the result 
of limiting the field of P{n to the ancestry, posterity or family of some 
member of its field. We have 

*26033. b:P vo e Ser.xe D‘P,. P, = R . 3 . 

Pin t W. P^W) = &*) 1 ^ro = {(£*‘*0 1 *)po = {R r (R P o‘v )Ipo 
*260-34. h : Hp *260 33.3 . |P fn £ (i‘x u p| n ‘®)]i = (S"*^) 1 R = R 

*26001. P fn = s‘fin‘P Df 

*2601. h : ocpf n y . = . (gy). p e NC induct — t‘0 . ocP v y 

[*121 121. (*260 01)] 

*260‘11. b : xP (n y . = . P (# i-h y) e Cls induct — 0 — 1 
Dem. 

h. *2601 . *121T1.3 

^ : x Pfn y • = • (H t; ) ■ V e NC induct - t*0 . P (x w y) e v +„ 1 . 
[*120"472] = . (gp) . [i e NC induct — i c 0 — 1*1. P (x\—\y) ey ,. 
[*120'2] =.P(wi-iy)e Cls induct - 0 — 1 : 3 b . Prop 
*26012. h ■ Pf n G P po 

Dem. 

h. *121-321 .*117-511.3 b: i, € NC induct-t‘0.3 . P, GP^ (1) 
b.(l). *2601.3 (-.Prop 
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*26013. b : xP fn y . 0 . P (# y), P {x —i v) e Cls induct, - p A 
Pern. 

b . *260-12 . *121-21-22 . 0 b : Hp. 0 . P (xh- y), P{x-\y) € - PA (1) 

b . *9154. (*121011-012-013). 0 
h . P {cc h- y) C P (x m y) . P {x —« y) C P (x w y) . 

[*120‘481 .*260 - ll] 0 b : Hp . D . P (x h- y), P (x —t y) e Cls induct ( 2 ) 

b . ( 1 ). (2) . 0 b . Prop 

*260131. b P^QJ. 0 : xP tn y . = . P{x\— y)€Cls induct - PA . 

= . P (x -i y) e Cls induct — PA 

Dem. 

b . *121-22 .Ob : P(xt—y)e Cls induct — PA . 0 . xP po y . ( 1 ) 

[*121242 .*91-54] 0 . P{xv-*y) = P {xt-y)\j py 

[*120*251] 0 . P (x h y) e Cls induct (2) 

b ■ ( 1 ) . *121'242 . 3 b : Hp . Hp(1) . 0 . x, y e P{xv-Ay ). x 4=y . 

[*52-41] D.P(sh2/)^ £ 0u1 (3) 

b . (2) . (3) . *260*11 .0 b : Hp . Hp (1) . 0 . xP tn y (4) 

Similarly b : Hp . P (x—\y)e Cls induct. 0 . aP (n y (5) 

b . (4). (5). *260-13 .Ob. Prop . 

*260-14. b:Pe (Cls -> 1) w (1 -♦ Cls). P^ G J. 0 . P tn = P^ 

Dem. 

I-. *121-52 . 0 b : Hp . 0 . Pfinid'P = P*. 

[(*260-01)] :>.p fn = p*^p„ 

[*121-302] = P* i/^P 

[*91*541] = P po : 0 1-. Prop 

*26015. b.P fn = (P p0 ) fn [*260-1. *121-254] 

*26016. b . (P) fn = P fn [*260-1. *121*26] 


*260-17. b:P VQ e Ser . xP m y. 0 . P(* w y) = ^{P* t P(®m y)) . 

* = P(*My)|.y-£‘Cnv‘{P w t P(my)| 

Dem. 


1“ .*121*242 . 0 h 

:Hp. 

0 . x,y e P (x\-*y) . x^y . 

(1) 

[*52-41] 


O . P (x t-H y) £ 1 . 


[*202-55] 


O.C'iP^Pix^yy-Pix^y) 

(2) 

h. *91-542. Ob 

:• Hp 

. 0 :zeP (sHy) .z\x. 0 . x [P^ P (£C i—iy)} z i 


[(l).*205-35] 


Oix = min [P vo lP(x^y)) t P{xy-\y)i 


[(2).*205-12] 


O-.x-B'iP^Pix^y)} 

(3) 

Similarly b 

: Hp. 

0 . y = P‘Cnv‘{P po t P(* hh y)} 

(4) 

K(2).(3).(4). 

D 1- . Prop 
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The following propositions are concerned in proving that if P )10 eSer, 
Pfn = (Pi) p0 and P„ = (Pi)„. Note that x (Pj) po y ” means that we can get 
from x to y by a finite number of steps from one term to the next, so that 
the series contains no limit-points between x and y. The relation “x (P,), y ” 
means that v — 0 1 intermediate terras 

z l} z 2 , z t , ... 

can be found, each of which has the relation Pj to its neighbour, and such 
that xP^, and z^^P^y. Thus we have to prove that, provided Ppo is a series, 
this occurs when, and only when, the number of terms in the interval 
P (x)~iy) is v + c 1. 

*2602. •“: P po e connex . xP%y . yP*z .3 . P (# h-u) = P(iCHt/)u P (y*-iz) 

Bern. 

h . *201*14*15 . 3 h: Hp . 3 . P (# i-h y) C P (a; hh 2 ) . P(y^z)CP{x^z) (1) 


h . *202 13T03. 3 b Hp . xP%w. 3 : wP%y . v . yP^w (2) 

h . (2). *121T03 . 3 

h:.H P . w € P (x i-H z ). 3 : xP%w. wP%y . v . yP*w . wP%z : 

[*121-103] 3:weP(®Hy)uP(j/H^) (3) 

h . ( 1 ). (3) . D h . Prop 

*260'201. h : P ,, 0 e connex . 3 . P fn e trans 
Dem. 

h . *260-12 .DF: xP in y . yP tn z . 3 . xP%y . yP*z ( 1 ) 

h.(l).*260-2.3 

h : Hp .xP fn y .yP fn z .0 .P(x^z) = P(x\~iy)sj P(y\-^z). (2) 

[*2C0-11.*120-71] 3 . P(xi~iz) e Cls induct (3) 

I-. *60-32-371.3h:aeOul./9C«,3.j8fOul: 

[Transp] 3 h: / 8 ~e 0 wl.j 8 C«.D.a<ve 0 ul (4) 

h. ( 2 ). *260-11.3 

h : Hp . xP fn y . yP (n z .3 . P (tfMy)i'oe Owl . P (xy-iy) C P {xt-iz) . 

[(4)] 3 .P(^m^)~ £ 0 w 1 (5) 

H . (3). (5). *260-11.3b: Hp . xP tn y . yP txl z . 3 . xP ia z : 3 h . Prop 

*260 202 . b : P^ e Ser . 3 . P fn e RP/ n trans 
Dem. 

1- . *260-12.3 b : P„ Q. J . 3 . P fn G J ( 1 ) 

b. ( 1 ). *260-201.3b. Prop 


We shall not have in general Pp,, e Ser . 3 . P (n e Ser, because P fn is in 
general not connected. P fn only relates two terms which are at a finite 
distance from each other, and hence divides P po into a number of mutually 
exclusive pnros. Wc shall only have Pfn e Ser when every interval in the 
series is finite. 
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*26021. 

h : P po e Ser . xP*y 

. yP 

X Z . 3 . P (X 1—< z) = P (# l—1 y) \j i‘z 


Dem. 





b. 

, *121*304.3 b : Hp 

.3. 

P (y^z) = Py vj Pz 

(1) 

b, 

, *121*242.3 b : Hp 

. 3 . 

yeP(x^y) 

(2) 

1- , 

. *260*2 . 3 b : Hp 

.3. 

P (X l-H Z) = P (X Hi/) W P (?/ I-H 2 ) 


C(l)-(2)] 


= P (# h I/) u : 3 b . 

Prop 

*26022. 

bsP^eSer^.^),- 

Pi • Pi e 1 1 • (Pi) PO G 


Dem. 






b. *121*254. 

3 b 

■P> = (P V o\ 

(1) 


h.(1). *204*7 . 

3b 

: Hp . 3 . Pi e 1 -* 1 

(2) 


f- . *121*305 . 

3b 

: Hp . 3 . Pj G P . 



[*91*59] 


3.(P 1 ) po GP po . 



[*204*1] 


D.(P,)„<i/ 

(3) 


Ml)-(2). (3) 

■ *H 

11-31 . D h . Prop 



*260*23. b : P po e Ser . v e NC induct. 3 . (P x ) v e 1 1 

[*121*342. *260*22] 

*260*24. b : P p0 e Ser . v e NC induct. x {P x ) v y . x (P^)^ 2.3. yP x z 
Dem. 

b . *121*35 . * 2 t> 0‘22 . 3 h : Hp . 3 . ;r {(P,), | P,J z , 

[*341] 3 . (gw). ^(Pi^w. wPi^. 

[*260*23.Hp] 3. yP x ^:3K Prop j 

*260*25. b : P po c Ser . R = Pi. . 3 . P (a? i-h ?/) = R (x hh y) | 

Dem. 

b. *260*24.3 b : Hp . ve MC induct. xR„y. xR v + tl z ,P K ; = R (xi-ty ). 3 . j 

yRz . P (wr-iy)** R(xi-*y) . 1 

[*260*21] 3 .P(x>-Kz) = R(x>-\y)vL i z 

[*260*22.*121 *371*304] =R(xi-<z) (1) 

b . (1) . 3 1-Hp . v e NC induct :xR v y . D y . P (a; i-h y) = R (a?M y): 3 : 

xR v+cl z. 7> z . P (x z) = R (x z) (2) 
b . *121*301*22*242.3 b : Hp . ^P o2 /. 3 . P (x m y) = i‘a? = R {x h y) (3) 
b.(2).(3). Induct.3 

b Hp . 3 : j/fNC induct. xR v y . 3 . P (a? hh y) = R (x n y ): 

[*121*12] 3 : $efinid‘P . xSy . 3 . P {x m y) == R (x i-h y): 

[*121*52.*260*22] 3 : xR%y . 3 . P (x n y) = R (x w y) :. 3 b . Prop 

In the above proposition, “Induct" refers to *120*13. The of 

*120*13 is replaced by 

xR ( y .3 y .P(x^y) = R(xi-ty). 


R. & W, III. 
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Thus (2), in the above proof, is (when v is replaced by £) 

£e NC induct. (jf>£. 3 . <f> (£ 1), 

and (3) is <£0. 

Hence, by *12013, we have 

a e NC induct . 3 . <f>a, 

i.e. v e NC induct. 3 : xR v y . 3j ,. R (a;Ht/), 

which is the inference drawn in the above proof. 

Wherever “ Induct ” is given as a reference, it indicates a process such as 
the above, making use of *120*13 or *120*11. 

*260*251. b : P po e Ser . 3 . (P,) p0 G P fn 

T)em. 

b . *260*25 . D h : Hp .R = P 1 . xR vo y . 3 . P(x i-iy) = R(x\-*y ). (1) 

[*121*45.*260*22] 3 . P (x i-i y) e Cls induct (2) 

b . *121*242 . (1). *260*22 . 3 1-: Hp (1). 3 . ar, y e P (x w y) . x + y . 
[*52*41] D.P(;sh!/)~60v1 (3) 

b . (2) . (3) . 3 h : Hp , x ( Pi) po y • 3 . P (.e n y) e Cls induct — 0 - 1 . 
[*260*11] 3 . xP in y : 3 b . Prop 

*260*26. b P po e Ser. R = P lm xR^y . 3 : xP v y . ~ . xR„y 
Dem. 

b . *260*25 .3b:. Hp . 3 : P (x hh y) — R (x hh y) : 

[*12T11] 3 : xP v y . s . xR v y 3 b . Prop 

*260*261. b : P p0 e Ser . v e NC induct — P0 . xP v y . xP v+el z . 3 . yP l z 
Dem,, 

b . *121*11 ,3b: Hp . 3 . ~Nc‘P (x\-*y) = v + c 1 . Nc f P (xt-t z) = v + a 2 . (1) 
[*120*32] ?-y^z (2) 

b . (1). *120*428 .3b: Hp . 3 . Nc‘P(a?i-<^) > Nc‘P (shj/) . 

[*117*222.Transp] 3 . ~ (P (x ^ z) C P (x hh y )). 

[*121103.*201*1415] 3 .~(zP#y). (3) 

[*202103] 1.yP p 0 z. 

[*202171] 3.P(«Hz) = P(iCH(/)uP(2/H^). 

[*120*41.(1).(3)] 0 . P(y -iz) el . 

[*121*242.(2)] 3 . P (y h € 2 . 

[*12111] 3 . yP x z :3b. Prop 

*260*27. b:P po 6Ser.3.P fn = (P 1 ) po 
Dem, 

b. *260-261.3 b : Hp . v t?NC induct - P0 . xP v y . xP^ cl z . x(P x ) vo y . 3. 

yPj.z . x{P l ) l>0 y . 
l.xiPj^z 


[*91*511] 


( 1 ) 



SECTION E] ON FINITE INTERVALS IN A SERIES 115 

H . (1). D H Hp . ve NC induct — i‘Q : xP v y . . x (Pi) po y : D : 

®^Vf c I z ,D Z . x (P i) w z (2) 

H . *91 '502 . D I -'.xP^.D.x (P,\ )0 y (3) 

I-. (2) (3) . *120-47 . D b Hp . D : v e NC induct - CO . D,. P„ G (P^ : 
[*260-1] D’.P^CiPXo (4) 

h . (4). *260'251 . D b . Prop 


*260'28. t-: P ])0 e Ser . v e NC induct — CO . D . P„ — (Pb) v ~ (Pf n )v 

Bern. 

h. *260*26. Db :.lBp.^:x(P 1 ) vo y.xP l ,y,^.x(P i ) vo y.x(P l ) ll y (1) 


h. *260-1. 3h:B.p.xP>y.D.xP fri y. 

[*260-27] D . x(Pi) po y (2) 

1- . *121-321. D h : Hp .xiP^y . D . x(P x \ 0 y (3) 

I-. (1). (2). (3) . D I-Hp . D : xP v y . =. * (. P x ) ¥ y (4) 

(-.*121-254. DMP^KPOJ*. 

[*260-27] D I-: Hp . D . (P,), = (P fn ), (5) 

H . (4) . (5). D H . Prop 


The above proposition does not hold in general when v = 0, for if P is a 
compact series, P ± = A, so that (Pj) 0 = A, but P 0 == I [C‘P. 

*260-29. I- : P p0 e Ser . xP fn y . D . P (x w y) = P x {x e-t y) = P fn (x w y } 

Bern. 

I-. *260-27-25 . D b : Hp . D . P (x kh y) = P, {x w y) 

[*121 -253.*260-27] = P fn (a? w #): D t-. Prop 

The following propositions are mainly concerned with the result of 
confining the field of P fn to the posterity of a single term. 

*260 3. t-: P p0 e Ser . D . D‘P fn = D‘P,. d‘P fn - (HP,. C‘P fn = C‘P, 
[*260-27 .*91-504] 

*260-31. 1 : P p0 e Ser. x e D‘P t . D . 

C‘{P in t (l‘x w Pfn*®)} = {Pi)*CC = ific V Pfn'® 

Bern. 


b . *260-27 , 

.Dh 

: Hp. D 

. C# u Pfn fie 

= ifie w (POpo*® 


[*96-14] 




= (A)*‘® 

(i) 

1- . *260-3. 

DH 

: Hp. D 

■ aM- 



[*36-13] 


D 

■ to) ■ ® 

rn E(C®vP fn '®)}2/ 

(2) 

b . *36-13. 

Dh: 


v ,D .x {P fn 

C:(t^uP f n^)|y . 


[*10*24] 



^ ■ to) ■ 

^PfnC(t'®«K/®)}y 

(3) 

M2).(3). 

. D h : 

: Hp.D , 

P fn ‘a: 

C C‘{P fn t( L ‘ X W X/®)} ■ 


[*37-41] 


D. 

, ifit- 

= C‘{P hl D(t'®uP fn '®)) 

(4) 

K(l).(4). 

,)K 

. Prop 
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*26032. b: P po € Ser. 3 . 

Pfn D (*‘® W P fn ‘®) » Pm W xyj K‘^0 ' Pfn D ( l ‘ X V K„‘®) « Ser 

Deni. 

b . *26012 . 3 b. P fn 1(P® w Pj n ‘®) G Ppo W x * K 4 ®) (!) 

t-. *260-3 . *200-35 . 3 

1-: Hp . * ~ e D‘P,. 3 . P fn t (i‘® w K 4 ®) « A = P m Wx w P,» (2) 
b. *201-521. *260-27 . 3 

1-: Hp. * 6 D‘P a . 3 . P fn C (i‘* u K 4 ®) = (P)ro C &V® • 
[*202T4.*260-22]3 . P fn £(t‘# u P fn ‘a;) e connex . 

[*260 202] 3 . P fn t (i ( x w P fn ^) e Ser . (3) 

[(1).*260-31 .*204-41] 3 . P fn W* * K 4 ®) = Ppo C(i 4 ® w K 4 ®) ( 4 ) 

b . (2). (3). (4). 3 b . Prop 

*260-33. 1- : P^ e Ser. a> e D'Pj. Pj = P . D . 

Pfn C(l'® * K'®)« W®)1 Pro = [(V®)1 P}ro = t-K r(Pp>)U 

Dem, 


b . *260-27*31 . 3 1-: Hp . 3 . P fn £ (i‘x w P f » = P^ £P*‘a; 


[*96-16.*91-602] 

— (P* 4 ®)1 Pro 

(0 

[*96-13] 

-{(X^IPU 

(2) 

[*96"2.*260*22] 

= (p r(Ppo 4 ®)} P o 

(3) 


b . (1). (2). (3). 3 b . Prop 


*260*34. b : Hp *260 33. 3 . {P fn £ (t‘® u P f »], = (P # ‘®)1 P = R [P po ^ 
Dem. 

b. *260,33. *121-254.3 

b : Hp . 3 . {P fn t(t'a u P fn ‘«)}, = {(P*‘®)1 P}i = {P rPpo‘®)i (!) 
b . (1). *121-31. *260-22.3b. Prop 

The following propositions are concerned with the result of confining the 
field of P fn to a single family. 


*260-4. b : P^ e Ser . 3 . P fn £ P tn ( x e Ser. 

C‘(Ptn t Pfn 4 ®) = Ptn‘00 = (P^V® ■ Pfn'® ~ « 1 

Dem. 

b . *260-27 . *97-17.3 b : Hp . 3 . P {n £^>=(Pi)ro D(K)* 4 ® • 
[*202-15.#260-22] 3 . P ta £ P ln f x e connex . 

[*260-202.*204-42] 3 . P fn £ P f > * Ser 


(1) 
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b . *9718 . D b . C‘(P {a £ iV«) = P f > (2) 

b . (2). *260-202 . *200'12. D b : Hp. D . 1 (3) 

b . *260-27 . *97-17 . D b : Hp . D . = (Py<® (4) 

b . Cl). (2). (3). (4). D b . Prop 
*260-41. b : P^ e Ser. R = P,. D . 

Pfn Ppo D-^*^ = (P**^)1 Ppo = Ppo fP*^ 

Dem. 

b . *260-27 . *97-17 . D b : Hp. D . P fn £P f > = £ P*‘a (1) 

b . *97'13 . D b : Hp . y e R^x . yR ^ z . D . z e R^^R^x w R^^^x. 
[*92-311. *260-22] 

[*97-13.*36*13] O-yiRpo £ P*'®) * (2) 

b . *35-21-441. D b . R^ £ jy* G (Rtfx)] (3) 

b . (2). (3). D b : Hp . D . Ppo £P^ = (P*‘*01 R po (4) 

Similarly b : Hp . D . £ Sy# = R^ [R%‘x (5) 

b . (1) . (4) . (5) . D b . Prop 

*260-42. b : Hp *260*41 . D. P fn lP ta ‘x = (R*‘x ] R)^ = {R ^‘^po 
Dem. 

b . *92-32 . *260-22 . D b : Hp . D . R“R*‘x C R^x . 

[*96'111] D . (P*^ R w = {(jy«) 1 P} 1K) (1) 

Similarly b : Hp . D . R^ [R*‘x= {P (2) 

b. (1). (2). *260-41. Db. Prop 

260*43. b : P ^ e Ser . D . 

{p tn c Kh=P i t = <K‘*) i Pi - Pi r (Pft. 1 ®) 

Dem,. 

b . *260-42 . *121-254 . D 
b : Hp. P = Pj. D . {Pfn CPWH = {(§*'*) 1 P}i 
[*121-31.*260-22] = (R%‘x) ] R 

[*97-l7.*260-27] = (K'«) 1 Pi (1) 

Similarly b : Hp. D . {P, n £P, n H - P. rjv* (2) 

h . (1). (2).*35-11. 3 H : Hp. 3 . (F,„ £?„'*), =P, t%‘x (3) 

h . (1) .(2). (3). 3 h . Prop 

Observe that the two series Pfn £P fn ^ and P fn £P rn ‘y are either identical 
or have no common terms in their fields. This results immediately from 
*97*16, since the fields of the two series are (P^^x and (P^^y. 



*261. FINITE AND INFINITE SERIES. 

Summary of *261. 

In this number we define finite and infinite series, and we show that, 
where well-ordered series are concerned, there is only one kind of finitude, 
i.e, there is not the distinction, which exists in cardinals, between “ in¬ 
ductive ” and “ non-reflexive.” We also give various equivalent forms of 
the distinction between finite and infinite series, and some of the simpler 
properties of each. The propositions of this number are numerous and 
important. 

We define an infinite series as one whose field is a reflexive class, and a 
finite series as one which is not infinite. Thus we put 

Ser infin = Ser r> C‘ ‘Cls refl Df, 

D infin = D C“CIs refl Df, 

Ser fin = Ser ~ Ser infin Df, 

D fin = fl - D infin Df. 

We also put, to begin with, 

(l induct = C^Cls induct Df, 
but in the course of this number we prove 
*261'42. r . fl fin = D induct 

so that the symbol “ Cl induct ” is not required after the present 
number. 

After some preliminary propositions, we proceed (*26T2ff.) to various 
criteria of finitude and infinity. We have 

*261-25. 1" i. P e Ser . D : 

C‘P e Cls induct - i‘A . = . P = P fn . E ! B‘P . E I B<P 

The condition P = P tn insures that every interval is finite, but this still 
leaves it possible for our series to be a progression, or its converse, or the 
converse of a progression followed by a progression (i.e. the type of the nega¬ 
tive and positive finite integers in order of magnitude). The third of these 
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possibilities is excluded by either E! B ( P or E ! B‘P; the second is excluded 

by E ! B t P t and the first by E ! B‘P. We have 

*261-212. h :. P e Q . D : (1‘P, = d‘P. = . P = (P,) p0 . = . P = P fn 

“ Ct'Pj = C VP ” means that every term except the first has an immediate 
predecessor. We have 

*261’26. 1 : P e Ser . a C 0 C P . g ! a . a e Cls induct. D . E ! min P ‘a.E ! max/R 

and 

*261-27. h P € Ser: a C C‘P . g ! a . D a . E! min/a . E ! max/a: D . 

P = Pfn ■ C^P f Cls induct 

whence we obtain 
*261-28. PeSer. D 

a C C*P . g ! « . D a . E ! minp‘a . E ! maxPa : = . C*P e Cls induct 
I.e. a series whose field is inductive is one in which every existent sub¬ 
class of the field has both a minimum and a maximum. 

From the above, together with an inductive proof that every inductive 
class which is not a unit class is the field of some series, we obtain 

*261*29. 1". Cls induct = 

1 v P“P {P e Ser : « C C‘P . 3 I a . D a . E! min/a . E ! max P ‘a) 

= lv C“(n n Cnv«H) 

The above proposition is interesting as giving an alternative method of 
treating inductive classes. Instead of the definitions adopted in *120, we 
might have taken the above proposition as the definition of inductive classes, 
putting 

JN C induct = Nc“Cls induct Df. 

We should thus wholly avoid the use of mathematical induction in de¬ 
finitions ; hence if such avoidance were in any way desirable, it could be 
secured by dealing with series before introducing the distinction of finite 
and infinite, and then defining inductive classes as the fields of series which 
are well-ordered backwards as well as forwards. The inductive properties of 
such classes would then be deduced from *261"27, together with *260-27, iu 
virtue of which we have 

Pefin Cnv“fi . 3 . P = {P 1 ) vo , 

whence, by *91-62, 

h :: P e fl n Cnv“f2.3 xPy . = : P/^i C fi . P/& e //,. D^.yefi. 

In virtue of this proposition, if y is the field of a well-ordered series P 
whose converse is well-ordered, then any property which is inherited with 
respect to P ^ belongs to all the successors of x (where xey) if it belongs to 
the immediate successor of x. Hence mathematical induction follows. 
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From the above we obtain at once 

*261-31. 1-P e Ser . D : C‘P e Cls induct. = . P, P <= Q 

I.e. series whose fields are inductive are the same as inductive well- 
ordered series, and are also the same as well-ordered series whose converses 
are well-ordered. Hence also we obtain 

*261-33. b :P,QeH.QGP.D.QeH induct 

I.e. a descending well-ordered series of terms chosen out of a well-ordered 
series must be finite. This proposition, which is due to Cantor, has been used 
by him in many proofs. 

We have 

*26135. b :. P e fl . D : C ( P e Cls induct - i‘A . = . (PP, = <PP. E ! B‘P 
In *253’51 and following propositions we have already had the hypothesis 
CPPi — <1‘P . E ! B‘P, which now turns out to be equivalent to the hypothesis 
that our series is finite and not null. Thus we have 

*26136. b P e n . D : C*P e Cls induct — PA . = . Nr‘P ± i + Nr‘P 

*261'4 and following propositions are concerned in proving that, a well- 
ordered series which is not inductive always contains progressions, and in 
deducing consequences from this. We have 

*261-4. b : P e H - a induct. D . {(P,V 5 ^}1 ^ e Pro g 

The above proposition is very important, for many reasons. One of its 
most important consequences is that, if P is a well-ordered series which is 
not inductive, its field contains an tf 0 , and is therefore a reflexive class 
(*261 "401). Hence a class which can be well-ordered is either inductive or 
reflexive (*261"43), and a well-ordered series is either inductive or infinite 
according to the definitions given above (*261*41). Hence where well- 
ordered series are concerned, the two ways of defining finite and infinite 
(namely those in *120 and *124) give equivalent results. This cannot (so 
far as is known) be proved for classes in general without assuming the multi¬ 
plicative axiom. 

From the above-mentioned propositions it follows that an infinite well- 
ordered series is one in which Pj limited to the posterity of B‘P with respect 
to P| is a progression in the sense of *122 (*26T44), and that any class 
contained in a well-ordered series is eituer inductive or reflexive (*261-46). 

The number ends with some propositions in ordinal arithmetic. We 
prove that P Q is well-ordered if P is well-ordered and Q is a finite well-ordered 
series (*261 -62) ; that if R is a finite well-ordered series, and P is less than Q 
(in the sense of *254), then P R is less than Q R ; and that a finite well-ordered 
series is less than an infinite one (*261 "65). 
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*261*01. Ser infin = Ser n C“Cls refl Df 

*26102. a infill = fl ^ C'“Cls ref1 Df 

*26103. Ser fin = Ser — Ser infin Df 

*261*04. Hfin = n — 12 infin Df 

*261*05. fi induct = O n C“Cls induct Df 

*2611. h:Pe Ser infin . = . P e Ser . C‘P e CIs refl [(*261*01)] 

*261*11. infin .E.Peft. C‘P e CIs refl [(*261*02)] 

*261*12. b : P e Ser fin . = . P e Ser - Ser infin . - . P e Ser. C‘P ~ e CIs reH 
[(*261*03)] 

*26113. 1- : P e H fin . : . P e Q - 11 infin CIs refl 

[(*261*04)] 

*261*14. 1- : Pe H induct. ~ . P e 11 . C'PeCls induct [(*261*05)] 

*261*15. b : P e Ser infin . P smor Q .3 . Qe Ser infin 
Bern. 

b . *261*1 .3 b:Hp.3.P e Ser . C‘P e CIs refl . P smor Q . 
[*204*21. *151 *18] D.Qe Ser . C‘P e CIs refl . C<P sm C‘Q . 

[*124*18] 3 . C e Ser . C*Q e CIs refl . 

[*261*1] 3 . Q e Ser infin :3b. Prop 

*261*151. b : P e Ser infin. 3. Nr'PC Ser infin [*261*15] 

*261*152. b : P e Ser infin . ~ . N 0 r‘P C Ser infin . = . g ! KpP r\ Ser infin 
[*261*151. *155*12] 

*261*153. b : P e Ser infin . = . (gQ) ■ P smor Q • Q e Ser 
[*261*15. *151*13] 

*261*16. b : P e 12 infin . P smor Q . 3 . Q e D infin 

[Proof as in *261*15, using *261*11 . *251*111 . *151*18 . *124*18] 

*261*161. b : Pefi infin. 3. NPPCn infin [*261*16] 

*261*162. b : P e fl infin . = . N 0 r‘P C 12 infin . = . g ! N u r‘P n Ser infin 
[*261*161 .*155*12] 

*261*163. b : P e 12 infin .= . (gQ). P smor Q . Q e 12 infin [*261*16 . *151*13] 
*261*17. b : P e Ser fin . Psmor Q . 3 . Q e Ser tin [*261*15 . Trausp] 

*261*171. b : P e Ser fin . 3 . Nr‘P C Ser fin [*261*17] 

*261172. b : P e Ser fin . = . N () r‘P C Ser tin . - . g ! N 0 PP rs Ser fin 
[*261*171 .*155 12] 

*261*173. b : Pe Ser fin . - . (gQ) ■ P smor Q . Qe Ser fin [*261*17 . *151131 



122 


SERIES 


[PART V 


*26118. H : P e ft fin . P smor Q . 3 . Q e ft fin [*261'16 , Transp] 
*261181. h:P E nfin.3.Nr‘PCnfin [* 26118 ] 

*261182. I-: P e ft fin . = . N 0 r‘P C ft fin . = . g! N 0 r‘P a ft fin 
[*261181 .*15512] 

*261183. h :Peft fin .= . (gQ).P smor Q. Q eft fin [*26118 . *15113] 

*26119. h : P e ft induct. P smor Q . 3 . Q e ft induct 

[Proof as in *26116, using *120'214 instead of *12418] 

*261191. h : P e ft induct. 3 . NPP C ft induct [*26119] 

*261192. h : P 6 ft induct. = . N 0 r'P C ft induct. = . g ! N 0 r *P a ft induct 
[*261191 .*15512] 

*261193. h : P e ft induct. = . (gQ) . P smor Q . Q e ft induct 
[*26119. *15113] 

*261'2. 1-: P^ e connex . (P‘P) P fn (B‘P ). 3 . G‘P e Cls induct 

Bern. 

1-. *202181. 3 b : Hp . 3. C‘P — P (P‘P hh P‘P). 

[*260'11.Hp] 3 . C'Pe Cls induct: 3 h . Prop 

*261-21. h : P e connex . P = P fn . E! B‘P . E ! B‘P . 3 . OP e Cls induct 
Dem. 


h . *202103 . *93101. 3 b : Hp . 3 . (P‘P) P (P‘P). 

[Hp] 3.(P‘P)P, n (P'P). 

[*261*2] 3 . C*P e Cls induct:3b. Prop 

*261-211. h : P e Ser. 3 . imn P ( {Px - (P,)^} C <3‘P - <PP X 
Dem. 

h. *91-511. *121-305.3 

b :. Hp .3 :ye P‘x a (Pj 1io ‘x . yP^z . 3 .zeP‘% a (P^^x : 

[Transp] 3: z e P ( x - (Pi) po ‘a . yP,z .3 .ye- P'a? ^ - (P^'a? (1) 

1-. *91-502.3 h :. z e%x - (P4> : 

[*201-63] 3: Hp. 3. xP*z (2) 

b. *201-63. 3 b : Hp. xP*z . yP,z. 3 . ~(yPx) . y ^x . 

[*202-103] 3. a?Py (3) 

b . (2) . (3) . 3 b : Hp . z e P ( x - (P^^x. yP x z .3 .ye P‘x . 
t(l)3 3.ye^«-(P\V«. 

[*201-63] 3 . y eP‘z a [P‘« - (P^x ]. 

[*205-14] 3.s~emin/{P‘:r — (Pi),*/#} (4) 

(-. (4) . Transp . 3 

h : Hp . z € min/JP*# - (P^x ]. 3 . ~ (gy) . yP x z : 3 1-. Prop 
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*261212. b P e H . J : (PP, = d‘P. = . P = (P,)™. = . P = P fn 
Deni. 

b . *121-305 . D b : Hp . D . (P,)^ G P (1) 

b.(l). DbrHp.P + CPOpo.^.Ca^^.^.-^Wpoy). 

[*32-18] D. (a*). a ! fax - fate*. 

[*250-121] 3.( a 4.E!minP{P^-(K)^^! . 

[*26i-2ii] D.^ja'P-a^ (2) 

b . (2). Transp . D b : Hp . CE'P = Cl‘P 1 . D . P = (P^ (3) 

b . *91-504 . D b : P = (P.Jpo • 3 - (FP = (PP, (4) 


b . (3). (4). D b Hp . 3: (PPj =(PP. = . P — (P 1 ) po . 

[*260-27] = . P « P fn D b . Prop 

*261-22. b : P€ Ser. C‘P e Cls induct. D . P = P fn .D‘P = D‘P,. (I'P = (1‘P, 


Dem. 

b . *260-12 . *201-18 . D b : Hp . D . P ta G P (1) 

b . *121*242 . D b : Hp . xPy . D . x, y e P (x*-* y) . x ^ y . 

[*5241] 3. P(^hh^)~ e 0 v 1 (2) 

b . *120-481. D b : Hp . D . P (x hh y) e Cls induct (3) 

b . (2). (3). *260-11 . D b : Hp. xPy . D . xP tn y (4) 

b. (1). (4). 3b:Hp.D.P = P fn . (5) 

[*260 3] D.D‘P = D t P 1 .d t P = <I‘P 1 (6) 

b . (5).(6). D b , Prop 


*26123. b : P e Ser . D'P, = D‘P . ~ E ! B ( P . a ! P. 3 . C‘P e Cls reft 
Dem. 


b. *91-52. (1) 

b . *91-54. *260-22 . D 

b : Hp . * e C‘P . D . (fa^‘x = i‘x w (Pj^ • * ~ e (£)«/* ( 2 ) 

b. *9311. Db-.Hp.D.D'P^P'P. (») 

[*90-18] D. fafo‘x c D‘Pi < 4 ) 

b . *260-22 . D b : Hp. D . P a e 1 1 < 5 ) 

b . (1). (2). (4). (5). *73-21 . *91-74. D 


b Hp . D :xeC‘P. D . (P a )*‘a;sm(P,)p> ■ (P,)p> C (P,V* . ^ 

3 WV^-Wpo'*- 


[*124*16] 3. (P,)*'® € Cls refl (6) 

b . (6). (3). (4). D b : Hp . D . g ! Cls refl a Cl'C'P . 

[*124141] D . G*P e Cls refl : 3 b . Prop 



124 


SERIES 


[PART V 


*261-24. b : P € Ser . C‘P «= Cls induct - i‘ A . 3 . E ! P‘P . E ! B‘P 
Pern. 


b . *261-22 . 3 b : Hp . 3 . D‘P = D'P*, 


[*261'23. Transp] 3 . E ! B ( P 

( 1 ) 

b.(l)^. 3 b : Hp . 3 . E ! P‘P 

(2) 

b . (1). (2) . 3 b. Prop 



*26125. b P e Ser . 3 : C‘P e Cls induct - i‘A . = . P = P fI1 .E *P‘P . E lB<P 
[^261-22-24-21] 

When P — P {u . E ! B‘P . ~ E ! B l P, P is a progression ; 

when P — P ln . E ! B‘P . ~ E ! B‘P, P is a regression 

( t.e . the converse of a progression); and when 

P = P fn . ~ E ! B‘P . ~ E ! B‘P, 

P is the sum of a regression and a progression. These propositions will be 
proved in the next number. 

*26126. b:Pe Ser . « C G ( P . g ! a.a e Cls induct. 3 . E ! rninp‘a . E ! maxp'a 

Bern. 

b . *205 17 .3b: Hp . a e 1.3 . E ! min/a . E ! max/a (1) 

b . *202-55 .3b:Hp.«~el.3.« = C‘(P £ a) . 

[*201-24] 3 . E ! B‘(P £ a). E ! S‘Cnv‘(P £ a ). 

[*20542] 3 . E! min P '« . E ! max/a (2) 

b . (1) . (2) . 3 b . Prop 


*261'27. > :. P e Ser : a C C U P . g ! a . 3 a . E ! min/a . E ! max P ‘a : 3 . 


Devi. 


P = P fn . C‘P e Cls induct 


b. *250 121 .3h:Hp.3.Pe£l. 

[*250-21] D.D‘P=D‘P 1 

[*260-3] 3.D‘P = D‘P fn (1) 

b . (1) . 3 b : Hp . xP tn y . y e D‘P . 3 . y e D‘P,^. xP fn y . 

[*200-201] 3-^P f PP f >- 

[*200-12.*201 -18] 3 . y e P“P f > . 

[*205-111] 3. y maxPPfPa: (2) 

b . (1). (2). Transp .3b: Hp . x e D‘P . 3 . maxPPf,> = B ( P (3) 
b . *250 121-13 . 3 b : Hp . g ! P . 3 . E ! B l P . 


(CD] 


D.(B‘P)P Ui (B‘P). 
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[*260-11] 

D.P(P‘PwP‘P)eCIs induct. 


[*202181] 

3 . OP e CIs induct 

(4) 

b. * 120-212 . 

3 b : P = A . 3 . OP e CIs induct 

(5) 

h . (4). (5). 

3 b : Hp . 3 . OP e CIs induct. 

( 6 ) 

[*261-22] 

3. P = P fn 

( 7 ) 

b . ( 6 ).(7). 3 b. Prop 


*26128 b :: Pe Ser . 3 


a C C ( P . a ! a • 3a ■ E ! min/a . E ! max/a : = . OP e CIs induct 

[*261-26-27] 


*261*281. b : 7 e CIs induct — 1 . 3 . 7 € O'Ser 


Dem . 



b. *204-24. 

3 b . A e O'Ser 

( 1 ) 

b. *52-22. 

3b. A v; t ^el 

( 2 ) 

b. *52-22. 

3 b : a: = y . 3 . t'a; v t'y e 1 

(3) 

b. *204-25. 

3 b : # =}= y ■ 3 . i‘% w i‘y e 0‘Ser 

(4) 

b • (3)•(4). 

3 b . i*x w e 1 v O'Ser . 


[*52-1] 

3 b : 7 e 1 .3 .7 u t'y e 1 u O'Ser 

(5) 

b, *51*2 . 

3 b : 7 € O'Ser. e 7 .3 .7 v py e O'Ser 

( 6 ) 

b. *204-51. *161-14 

. 3 b : 7 e O'Ser • a'Y-y f ' je 7 * 3 . 7 viC/e O'Ser 

( 7 ) 

b ■ ( 6 )■(7). 

3 b : 7 e O'Ser. a ! 7 ■ 3. 7 u py e O'Ser 

(») 

b • (2) ■ (5) . ( 8 ). 

3 b : 7 e 1 v O'Ser . D . 7 w t'j/ e 1 w O'Ser 

(9) 

b . ( 1 ). (9). *120-26 

. 3 b : 7 e CIs induct. 3 .7 e 1 v O'Ser :3b. Prop 



#261 ‘29. b . CIs induct = 

1 u O'P [P e Ser : a C OP . a ! a . D 0 . E ! min/a . E ! max/a} 
= lw C“(il a Cnv“H) 

Dem. 

b . #261-281 . 3 b 7 e CIs induct -1.3: (gP): P € Ser . y = C‘P : 

[#261*28] 

3 : ( a P): P € Ser : a C OP. a ! a . . E ! min P ‘a . E ! max P 'a : y = C‘P : 

[#37-6] 3 : 7 e O'PfPe Ser: a C C‘P. a ! a. 3 a . E ! min^'a . E ! max p ‘a} (1) 

b. *261-28.3 b:.Pe Ser: 

a C OP. a ! a . 3 a • E ! min P ‘a . E ! max P ‘a : y = C‘P : 3 . 7 e CIs induct:. 
[#37’6] 3 b : 7 c O'P (Pe Ser : a C OP. a ! a • Da - E ! min p ‘a . E ! max P ‘a). 3 . 

7 eCis induct ( 2 ) 

h . *120 213.3 b . 1 C CIs induct (3) 

h.(l).(2).(3).3^ 

b . CIs induct = O'P {P e Ser : a C OP . a ! a • 3 a ■ E ! min P 'a . E ! max/a} 
[*250-121] = 0‘(0 n Cnv“n) .3b. Prop 
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The following four propositions are immediate consequences ot the 
propositions already proved. 

*261-3. b :: Pe Ser . D 

C l P e Cls induct. = : P e fl : a C C‘P . ft ! « . . E ! max P ‘a 

[*261-28 . *250-121] 

*261*31 b P e Ser. D : C*P e Cls induct. = . P, P e fl [*261‘3. *250121] 

*261*32. b . Ser n O'Cls induct = fl induct = fl n Cnv u fl [*261*31*14] 

On account of this proposition, we do not introduce the notation “ Ser 
induct” for “Ser n C “Cls induct,” because a series whose field is inductive 
is*a well-ordered series, and therefore the notation “fl induct’’gives all that 
is wanted. 

*261*33. b : P, Qefl.QGP.D.Qefl induct 
Dem. 

b . *204*2 . D b : Hp. D . Q € Ser. Q G P . 

[*250-14] D . Q e Ser n Bord . 

[*250*12] D.Qefl. 

[*261*32] D . Q e fl induct: D b . Prop 

This proposition (which is due to Cantor) is of great importance in the 
theory of well-ordered series. It shows that, however great a well-ordered 
series may be, any descending well-ordered series contained in it must be 
finite. (A descending series in a given series is a series contained in the 
converse of the given series.) 

*261*34. b : P e fl. a*P! = a { P . E ! B ( P . D . C*P e Cls induct 
Dem. 

b . *250*23 . *214-12 . D b Hp . a C C*P. D : E ! max P ‘a. v. E! seq P ‘« (11 
b . *206*181 . D b : Hp . a C C*P . ! a . E ! seq P ‘a . D . seq p ‘a e CPPj. 

[*204-7] D . E ! P 1 ‘seq p *a . 

[*206-451] D.E!max P ‘a (2) 

b • (1) • (2). D b Hp. D : a C G*P . g ! a. . E ! max P ‘a : 

[*261-3] D : C‘P e Cls inductD b . Prop 

*261 35. b P e fl. D : C‘P e Cls induct — l‘A . = . = CPP. E ! B*P 

[*261-22*24*34] 

Observe that “ (PPj = (PP . E ! P‘P” occurs as hypothesis in *253*51 
and some succeeding propositions. Thus this hypothesis is equivalent to the 
hypothesis that the field of P is an inductive existent class. It follows that 
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if P is an inductive well-ordered series, Nr‘P y = Nr‘P, whereas if P is a 
well-ordered series which is not inductive, Nr‘P* = Nr‘P-j- i ; also that 


*261*36. b P e fl. D : C‘P e Cls induct — PA . = . Nr‘P + i + Nr‘P 
[*253-573 . *261-35] 

*261-37. h P e H . D : C‘P e Cls induct. = . i + Nr‘P = Nr‘P + i 
[*253-574 . *261-35 . *161 2 201] 

*26138. I- :.PeQ . 3: C‘P e Cls induct — PA . D . Nr‘P y = Nr‘P : 

C‘P~e Cls induct -PA.D. NPP* = Nr‘P + i 
[*253 56. *261-35] 

*261-4. b : P € Q - fl induct. D . {(Ky fi‘P] ] P, e Prog 
Dem. 

h.*204-7. DbtHp.P^p.D.Pel-M ( 1 ) 

h.*120-212.Db:.Hp.3:g[!P: 

[*250-13] D : E ! B‘P : 

[*250-21] D : P = P,. D . B f P e D‘P ( 2 ) 

h.*260-22 . Db:H P .P = P I .D.P po Ci/ (3) 

b.*93103.*202 52 . D 

b:Pen.P=P 1 . 3 !P‘^P‘P-D‘P.D.P f PeP 5 )t ‘P‘P. 

[*93-101.*91-54] D . ( B‘P)R po (B‘P ). 

[*260-27] D . (B‘P) P fn (P‘P). 

[*261‘2] D. C l P e Cls induct (4) 

b . (4). Transp . D b : Hp . P = P y . D . R*‘B‘P C D‘P . 

[*250-21] D.R*‘B‘P CD‘P (5) 

b .(1). (2). (3). (5). D b : Hp . R = P,. D . 

P e 1 -► 1. B‘P e D‘P. ~ {(P‘P) P lH) (B‘P)} . P*‘P‘P C D‘P . 
[*122-52] D . (P*‘P‘P)1P e Prog : D b . Prop 


*261-401. biPeO-n induct. D . a ! K 0 n C1‘C‘P . C‘P e Cls red 
Bern . 

b . *261-4 . *123-1 .D b: Hp.D. D‘{(P,yP‘P} ] P, e K 0 (1) 

b. *121-305. D b : Hp. D . D'^AVP'Pn P, C C^P (2) 

b . (1). (2). 3 b : Hp . D . a ! K 0 * CP OP . (3) 

[*12415] D . C‘P e Cls refl (4) 

b . (3) . (4) . D b . Prop 
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*26141. h . a - n induct = n infin [*261-401 . *261 11 . *124-271] 
*26142. b . H fin — 11 induct [*261-41. Transp . *124’271] 

We shall henceforth use “0 fin ” in preference to'“ O induct/' 
*261-43. b . C“n C Cls induct u Cls refl [*261-40M4] 

*261431. b:P e n-i‘A.3. 

kav p<p} i a = Pt r =a t vb'p v 

= ((WuP fn f B‘P)1P 1 


Dem. 

b . *250-13-21 . 
[*260-31] 


3 b : Hp . 3 . B‘P e D‘P 1 . 

3 . i‘B‘P yfp^B'P = {P^B'P 


I-. (1). *260-27 . 3 b:Hp.3. P fn ‘P‘P = (A) po ‘P‘P . 

[*260-34] 3 . Pi r = {(A)*‘P‘P} 1A (3) 

[(2)] ^_ =(t‘PP W P r „‘5‘P)1A (4) 

b.(3). (4). *35-11. 3 b : Hp. 3 . {(A)*‘P‘P} 1A = A t (t‘P‘P w An f P‘P) (5) 
h . (3).(4).(5).3 b . Prop 

*26144. h P c O . D : A t An‘P‘P e Prog .-.Pen infin 
Dem. 

b . *123-1. 3 b : P e O . A T An‘^ e Prog . 3 . g ! N 0 r> C1‘C‘P . 
[*124-15] 3 . C‘P e Cls refl . 

[*261*1] D.PeHinfin (1) 

b . *261-4-431-41 . D b : P e 0 intin . 3 . A t P fn ‘P‘P e Prog (2) 

b . (1) . (2) . D b . Prop 

*261-45. b . 0 infin = U r. P {A [ P fn ‘P‘P e Prog} [*26144] 


*26146. b : P e O . 3 . CWP C Cls induct w Cls red 
Dem. 

b. *250-141 .*202-55.3 

b:Hp.aCC‘P.a~el.3.Ptae0.a=C‘(Pta). 

[*261*43] 3 . a e Cls induct u Cls refl (1) 

b . *120213.3b:«el.3.fle Cls induct (2) 

b . (1). (2). 3 b . Prop 

*261"47. b P e 0 . ct C C‘P . 3 : a e Cls induct . s . a ~ e Cls red 
[*261-46 . *124-271] 

*261-6. b P e n . C‘P C n . Nc‘C‘P = V . Dp . IJ ‘P e 0 : 

v e Nc induct — i ‘0 — t‘l : 3 : 

Q e fi . C‘Q C n . Nc‘C‘Q = * + 0 1.3(2. n *Q e n 

Dem. 

b . *204-272.3b: Nc‘D‘Q = 1 . Q e Scr . 3 . Q e 2,.. 

[*56112] 3 . C‘Q e 2 (1) 
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h . (1). Transp . D h : Q e 12. G‘Q C 12 . Nc‘C‘Q = v+ 0 l. 

v e NC induct — t‘0 — t ( l. D , D‘Q ~ c 1 (2) 

I-. *261*24 . D h : Hp (2). D . E ! B‘Q . 

[(2).*204*461] D. Q = QtT>‘Q-frB ( Q . 

[*172-32] D. n‘Q smor II ‘(Q £ D‘Q) x B‘Q (3) 

h. *110-63. Dh: Hp (2). D . Nc‘D‘Q+ c 1 = *+ c 1 . 

[*120-311] D.Nc‘D‘Q = p (4) 

h.(4). 3H:.Hp(2):Pt-n.C*/ J Ca.NcW J = ^. D, . 1I‘P e 12: D . 
II‘(QtD‘0en. 

[(3).*25l-55] D. Il‘Q e 12 (5) 

h . (5). Exp . D 

h Hp . D : Q € 12 . C‘Q C 12 . Nc <C*Q = * + 0 1. D . n*Q e 12 D f-. Prop 


*261-61. h : P 6 12 fin . C*P c n. D . n/p e 12 
Bern. 

h . *261-6 . 3 h :: <f>v . = „: P e 12 . C'P C 12 . Nc‘C‘P = v . D P . II‘Pe 12 D 
y e Nc induct — t‘0 — VI . D : cf>v . D . <p (v + c 1) (1) 

h . *200-12 . D h . ~ ( a P). P e 12 . C‘P C12 . Nc‘C‘P - 1 . 

[*10-53] Dh:Hp(l).D.<£l (2) 

h .*172-13. *250-4. D h : Hp (1). D. <£>0 (3) 

K *172-23. *251-55. Dh:. Y^Z. Y, Z eXl .0 : ll‘( Y J, Z), TL*(Z J, Y) e 12 : 
[*55-54.*204-13] D : P e Ser . C‘P = t‘F <-> . D . fPP e 12 (4) 

K(4).*54-101 .Dh :Hp(l).D.<£2 (5) 

h . (2). (3). (5). Dh:.Hp(l).D:$0:i/£t‘0viH.<J»/.D.tf>(v+ o l) (6) 


h . (1). (6). D h Hp (1). D : v e NC induct. <f>v . D,. <j> (v + c 1): <£0 : 
[*120-13] D : ae NC induct. D a . $a (7) 

h .(7). *13191 . D h : P e 12 . C‘P C 12 . Nc‘C‘P e NC induct. D P . n*P e 12 : 


[*261-14-42] D h : P e 12 fin . C‘P C 12 . D P . IFP e 12 : D h . Prop 

*26162. h : P 6 12 . Q e 12 fin . D . P« e 12 
Bern. 

h. *251-51. Dh:Hp.g[!P.D.P|^el2 (1) 

h.*165-26. Dh:Hp.D.C‘Pi;QC12 (2) 

h . (1). *165-25 . *261*18 . D h : Hp . a ! P . D . P | e 12 tin (3) 

P . (1) - (2). (3). *261-61 . D h : Hp . g ! P. D . XVP | >Q e XI . 

[*176-181-182] D. P Q e 12 (4) 

h. *176-151 .*250-4. Dh:P= A.D.P«<=12 (5) 

t- . (4) . (5). D h . Prop 


b. & w. hi. 



130 


SERIES 


[PART V 


*26163 b : E ! B‘R. P G Q . x e C*Q np‘Q“C‘P . D . 

(t‘a>) t C‘R e C‘Q K a 

Dem. 

b . *11612 . D h : Hp. D . (i*x) | C‘R € (C‘Q f C‘R) A *C*R . 

[*17614] 0 . (i‘«) t C‘R e C‘Q R ( 1 ) 

b . *11612 . *9311. D b Hp . Se (C‘P f C‘R)*‘C‘R . T= (i l x) f C‘R , D : 

(SWR) Q (T‘B‘R ): ~ ( ay ). (P‘P) : 

[*10-53] D : (S‘B‘R) Q (T'B'R ): yR (B t R) .y^B ( R.^ y . S‘y = T'y : 
[*176-19.(1)3 3 : S (Q R ) T ( 2 ) 

b . (2). *176-16 , D b Hp. D : S e C‘ P R , D . £(Q«) ((t‘a>) | (PPj (3) 

b . (1). (3) . D b . Prop 

*261*64 b : R e O fin - t‘A . P less Q .0 . P R less Q R 
Dem. 

b .*254-55. D b: Hp. D . ( a F). F smor P . F d Q . a ! C‘Q a pJty'&F . 
[*261-63.*250-13] D . (rF) . P' smor P. F G Q. 3 ! C‘Q* a p^'&iP')* . 
[*176-35-22] D . (gilf). M smor P*. M G Q* . a ! C‘Q B a• 

[*254-55.*261*62] D . P* less Q*: D b . Prop 

*261*65. b : P e H infin. Q e XI fin . D . Q less P 
Dem. 

b , *26111-14-42 . D b : Hp. D . C‘P e Cls refl. C‘Q e Cls induct. 
[*124-26] D . Nc‘(7‘P > Nc‘C"Q. 

[*255 75] D . Q less P: D b . Prop 



*262. FINITE ORDINALS. 


Summary of *262. 

Finite ordinals are defined as the ordinals of finite well-ordered series; 
infinite ordinals are defined as the ordinals of infinite well-ordered series. 
In virtue of *261 ‘42, finite ordinals are those whose members have fields 
which are inductive, and are also those whose members have fields which are 
not reflexive. Finite ordinals have the formal properties which cardinals have 
but which relation-numbers and ordinals in general do not have, i.e. their 
sums and products are commutative, and the distributive law holds in the 
form 

fi >C (v + nr) = (ji X v) + (/^ X nr), 

as well as in the form 

(v -f nr) X fi = (p iC fi) + (w X fi), 
which was proved generally in *184 35. 

The distinguishing properties of finite ordinals are most readily 
established by means of their correspondence with inductive cardinals. In 
general, two well-ordered series whose fields have the same cardinal need 
not be ordinally similar, but when the cardinal of the fields is inductive, 
the two series must be ordinally similar. Hence the ordinal of a finite well- 
ordered series is determined by the cardinal of the field of the series. We 
put generally 

fi r = S2 n C tl y> Df. 

The result is that, if fi is an inductive cardinal, fi r is the ordinal of all those 
series whose fields have /t members. Thus there is a one-one correspondence 
of inductive cardinals and finite ordinals; and in virtue of this correspondence, 
the formal properties of finite ordinals can be deduced from those of inductive 
cardinals. 

It will be observed that, according to the definitions already given, 

I-. 0 r - n C“A by *250 43, 
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Hence the notations 0,., 2,. are particular cases of the general notation /x r . 
But in virtue of *20012, vve have, by the definition of/x,., 
b . l r = A, 

so that 1,. does not take its place in the series of finite ordinals. 

Our definitions in this number are 

NO fin = N„r“H fin Of, 

NO infin = N 0 r“fl infin Df, 

/x r = n*C“ju, Df. 

It will be observed that for the sake of convenience we have defined NO fin 
and NO infin so as to exclude A. The definition of p r is chiefly useful when 
/j, is an inductive cardinal. 

The number begins with various elementary propositions, partly embody¬ 
ing the definitions, partly concerned with jx,. We have 

*26212. Y:Pefx r .~.PeVL. C*P e fx 
*26218. b : fit NC. a ! fi r . D . /x = G ft fx r 

This proposition does not require that fx,. should be a relation-number. 
If fi is a reflexive cardinal, fx r is not a relation-number unless it is null, 
because series of many different relation-numbers can be made with a given 
cardinal number of terms. When fx is a ca^’inal, “g ! /x” means that classes 
having p terms can be well-ordered. 

*26219. b jx, v e NC .g!/x r .D:/u, = i>. = ./x r =iv 

Thus the relation of jx to fx r is one-one so long as jx is the cardinal number 
of a class which can be well-ordered. 

We next prove that if /x is an inductive cardinal other than A or 1, fx r is 
a finite ordinal, and that every finite ordinal is of the form /x r for an appro¬ 
priate fx. We have 

*262*21. h : p € NC induct — PA — PI . D . g ! jx r 
*262*24. b •. fx€ NC induct — PA — PI . D . fx r e NO fin 

We prove this by means of an inductive proof that two series are similar 
if their fields are inductive and similar. 

*262'26. b : a e NO fin . = . (g/x) . fx e N 0 C induct — PI . a = ^ 

Hence we easily obtain the properties of finite ordinals from those of the 
corresponding cardinals. Assuming that u, v are inductive cardinals other 
than 1, we have 

*262*33. fx r -j- v r — (fx -f 0 v) r 
*262*35. fx r +1 = (/* 4-o l)r, if /* + 0, 

*262*43. fX v x Vr — (/a X 0 v)r 
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*2Q2 53. fi r exp, = if v 4= 0 , 

*2627. fX >■ V . = . /LA, •> Vr 

Hcncc if a, fi, y are finite ordinals, 

*262 6 . a + fi — fi + a. 

*262 61. ax (3= fix a 

*262 62. a X (fi + y) = (a x fi) + (a x y) 

*262 63. (a X fi) exp,, y = (a exp, 7 ) X (fi exp, 7 ) 

Thus the arithmetic of finite ordinals obeys the same formal laws as the 
arithmetic of inductive cardinals. 

*262 01. NO fin = N (J r“H fin Of 
*262-02. XO infin = N„v“n infin Of 

*26203. Of 

*2621. h'^ e NOfin.■■-.( a / ) ).i ) f^lfin.a-^Vf , [(*262*01)] 

*26211. f- : are NO infin . = . ( 3 P). P c fi infin . a — N„r ( P [(*262"02)] 
*262-111. h r.aeNO fin . = : « e N a O : 04 = i+a . v . a = 0 ,: 

= :ore’NO:a^i+a.v.a = 0, 

Dem. 

h. *262-1 . D 

h a e NO fin . ^ : a e N „0 : ( 3 P) .i’fflfin.# = Nr , / > : 

[*261*36] - : a e N„0 : ( 3 P ): NV P 4 i + NO/’. v . P - A : or - Nr‘P : 

[(*2o5-03)] =:ote N„0: a 4 1 + a . v . or — 0,: (1) 

[*1S0 , 4.*15:V5] = : a e NO : a 4 1 +a . v . a — 0, (2) 

K(1M2).D K Prop 

*262112. h : a t NO infin . ~ . a e N„0 - t‘0,. i + a = a 
[*262*m .Tmnsp.*2(i113] 

*26212. h : Pefx, . i.Peil. d'Pefi [(*262-03)] 

*262-13. h : NOP e NO fin . -r .Pe(l fm . P e H . C l P « CIs induct 
Dem. 

h . *262-1 . D h : Ni ‘Pe N( > fin . m (g^) . Q e fl fin . NVP - NV^ ■ 
[*l52--b").*lor)'ld j . ( 3 Q) ■ Q e 12 fin . P snmr 0 . 

[* 2 (j 1 " 1 cS: > ] ./^nfin. 

[*261-42-14] . Pell. POO Cl* indue! 

h .(l).(2).Df- . Prop 


(1) 

(2) 
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*26214. b : Nr l P e NO infin . == . P e ft infin C‘P e Cla refl 

[Proof as in *262'13] 

*26215. b :. a e N 0 O . D : a e NO fin . s . C“a e NC induct 
Dem. 

b .*262 13 .*120*21 . D 

b : N 0 r‘P e NO fin . = . P e H . N 0 c‘C‘P e NC induct (1) 

b . (1) . *2511 . D 

b N 0 r‘P eNO.D: N 0 r‘P e NO fin . = . N 0 c‘O‘P e NC induct. 
[*152-7] = . C“Nor f P e NC induct ( 2 ) 

b. ( 2 ). *155-2. Dh. Prop 

*26216. b:. a eNO.D: 

a e NO infin . = . C“a ~ e NC induct. h . C Ct a e NC refl 
[Proof as in *262 15] 

*26217. b : P e H . D . P e (Nc‘C"P), 

Dem. 

b . *100-3 . D b. C‘P e Nc *C‘P (1) 

b . (1). *262-12 . D b . Prop 

*26218. b : p e NC . 3 ! fi r . D . fi = C“fir 
Dem. 

b. *26212. Db .(7‘VrCp ( 1 ) 

b. *262-12. D b : a e/i. Pe/i r . D . a, (7‘Pe/Lt ( 2 ) 

b . (2) . *100-5 .Db:Hp.ae/x.Pe/x r .D.asra C‘P . 

[*73*1] D . ( 3 S) . S e 1 -► 1 . a = D‘S. C ( P = d‘8 . 

[*151-1.*150 23] D . ( 3 N). NiPsmorP. C‘S‘>P = a . 
[*251-111.*262 12 ] D . ( 3 S). S‘>P e H . C‘N;p= a. 

[*262-12.Hp] D . (gS ). S^P e fir. C<S’>P= a. 

[*37-6] D.aeC‘% (3) 

b.(3).*10-23. DbiHp.D.^CC'Vr (4) 

b . (1). (4) . D b . Prop 

*262*19. b:./x, ve^C fir .0 : fi=v . fir = v r 

Dem. 

b . *26212 . D b : fi = v. D. fir = v T ( 1 ) 

b . *262 18 . D t : Hp ,fir = p r .D.fi = C“v r 
[*262-18] 

b . ( 1 ) . (2) . D b . Prop 


( 2 ) 
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*262*2. h . Cls induct — 1 = C“(tl a Cnv“12) 

Dem. 

f-. *261*29 . 3 b . Cls induct - 1 = C“(H o Cnv“H) - l 
[*20012] = C“(Cl a Onv“H) . 3 h . Prop 

*262*21. K : e NC induct — t‘A - i f l . 3. g ! fi r 
Dem. 

h . *120*2 . *100*43 . 3 h : Hp. 3. (ga). a € p,. a e Cls induct. a ~ 6 1, 
[*262*2] 3 . (ga, P). a e /* . P e fl . C*P = a . 

[*262*12] 3. g ! fi r : 3 b . Prop 


*262*211. h : a e Cls induct — 1.3. g ! (Nc‘a) r a a 

Dem . 

K . *262-21. *103-12 . 3 h : Hp . 3. g I (N 0 c‘a) r . a <r N 0 c‘a. 

[*262*12] 3. (gP) . P e (Nc‘a) r . C‘P e N 0 c‘a. a e N 0 c‘a . 

[*63*13] 3 . (gP) . P e (Nc‘a) r . C‘P e t‘* . 

[*64*24.*35*9] 3 . (gP). P e (Nc‘a) r . P e i‘(a | a) ■ 

[*64*11] 3 . g I (Nc‘a) r a t^a .: 3 1-. Prop 


*262*212. K-/* + 0./*4a .Pe(^+ 0 l) r .3.P£(I‘P e/ir 


Dem. 

h - *26212 . 3 \- : Hp . 3 . C‘P e p, + c 1 . P e H . 

[*110*4] 3./*e NC-PA 

h . *93*103 . *25013 . 3 1- : Hp . 3. G‘P = PP‘P u d‘P .B‘P~ e d‘P . 
[*110*63] 3 . Nc‘C‘P = Nc'CPP + c 1. 

[(1).(2)] 3 . H+ 0 1 = Nc'CFP + 0 1. 

[*120-311.(1)] 3 . n = Nc‘<3‘P. P e O . 

[*202-55.*250141] 3 . y. = Nc‘C‘(P £<3‘P). P^H'PeH. 

[*26212.*100-3.(2)] 3 . P £ <3‘P e /v : 3 K Prop 


( 1 ) 

( 2 ) 


*262213. f-: : P,Qe ftr ■ 3^ . P smor Q : 3 : 

P, Q e (/* + c l) r . 3 PfQ . P smor Q 

Dem. 

H.*262-212*12. *120*124.3 

b : Hp .P.Qeifi + 0 l) r .^.Pia t P,Qia t Qe f M r .P,QeSl-i t K. 

[* 11*1 .Hp] 3 . P £ d ( P smor Q £ d‘Q . P, Q e fl - pA . 

[*250*17] 3 . P smor Q : 3 I-. Prop 
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#26222. h/ie NC induct. P,Qe fi r . D . P smor Q 
Dem. 

V . *153-101 . *20*2-12 . D !-: P, Q e 0,. D . P smor ^ 
h. *200*12. D b . 1,. = A . 


[*10'53] D h : P, Q e 1, . 3 . Pernor Q 

h . *153-202 . Ob : P,Qe2 r .0 . P smor Q 

K (2). (3). *2-02. Dh.M = 0.v./i = l: 

P, Q e /!,.. . P smor Q : D : P, Q e (/j. + c 1),.. "^p,q - P smor Q 

h .(4). *262-213 . D 

f- P, Q e ft,.. Dp iQ . P smor Q : D : P, Q e (/jl + c ip . D PiQ . P smor Q 
h . (5). (1) . Induct. D h . Prop 


(1) 


( 2 ) 

(3) 

(4) 
(■>) 


*262-23. K-.P, Qe O fin . D : (J'P sm (!*Q . - . P smor Q 
Dem. 

(-. *202-17-13. D 

h : Hp . C‘P sm C‘0. D . P, QetNVOP), . NVC‘PeNC induct. 
[*202-22] D.Psmor^ 0) 

h . (1) . *151 'IN . D h . Prop 

The above is the fundamental proposition in the theory of finite ordinals, 
since it enables us to reduce relations among finite ordinals to relations among 
the corresponding cardinals. 


*262 24. h i/itNC induct — PA — PI . D . fi, e NO fin 
Dem. 

K *202-21. Dh-.Hp.D-a!^, (1) 

(-.*262-22. DhiHp.Pe/c, . D./i r CNPP (2) 

b . *262-12 . *151-18 .DhPe/i,.D. NPP C (3) 

1- . (2). (3). D b : Hp . P efi ,.. D . /r,= NPP (4) 

h . (1). (4). Dh:Hp.D.^,cNR-PA (5) 

y . *262-12 . DP: Hp . P e fi r . D . (7‘P eCls induct . 

[*262-13.(4).(5)] D NO fin (6) 


I-. ( 1 ). ( 6 ). D h . Prop 

* 262 - 241 . h fx e NC induct. P e O . D : n, = NPP . = . fi = Nc‘(PP 

Deni. 

y . * 100-3 . D 1 - : Up . fi = Nc‘C“P . D . C‘P e M . 

[* 262 - 12 ] D.Pefiy. 

[* 152 - 45 .* 262 * 24 ] I> . = NPP (l) 

K * 152 - 3 . * 262 - 18 .Ob: Hp.^, - NPP. 3 ./x=C“NP 7 
[* 152 - 7 ] D.^NPfPP ( 2 ) 

h.(i).( 2 ).Dh. Prop 
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*262-25. h : (g/u.). /* e NC induct - i‘ 1 - i‘A .a^/i,.s.«eNOfin 

Dem. 

K *2621 13. D 

haeNOfin.D. (gP) . P e ft fin . a = Nr‘P . Nc‘C‘P e NC induct. 

[*262-241] D . (gP). P e ft fin . a = Nr‘P. (Nc‘<7‘P) r = Nr‘P . 

Nc‘C‘P 6 NC induct . 

[*13-172] D . (gP). a = (Nc‘(7 < P) r . Nc'C"P e NC induct. 

[*200 - 12.*262-l .*155-13] D . (g>) . fx e NC induct — Cl — i‘A .a = /x r (1) 
h . *264-24 . D h : (gyu.) . /xeNC induct - Cl - PA . a = /x r . D . a e NO fin (2) 

K (1). (2). D K Prop 

*262'26. h : a e NO fin . b . (g^t) . p e N 0 C induct — i‘l . a = fx f 
[*262-25 . *103-13-34] 


*262-27. h:a,^eNOfin.D.« + )3eNOfin 
Dem. 

h. *180-21 . Dh:Hp.P € a.Qe/3.D.P + Qe« + /8 (1) 

K *251-24. DhrHp.D.a + ySeNO (2) 

h . *180-111 . D h : Hp (1). D . Nc‘C‘(P + Q) = Nc ‘(C‘P + C*Q) 

[*110-3] = Nc <C‘P + c WC‘Q (3) 

h . *262-13 . D H : Hp (1). 3 . Nc'C'P, Nc‘C*Q e NC induct. 

[*120-45] D. Nc‘C‘P+ c Nc‘OQ e NC induct (4) 

K (1). ( 2 ) ■ *155-26 . *251-122 . D 

f : Hp(l). 3. P + Qe ft. a + /3 = N 0 r‘(P + <2) (5) 

h . (3). (4). 3 h : Hp (1) . D . C‘(P + Q) e Cls induct (6) 

f . (5). (6). *262-1 . *261-42 . D h : Hp (1). 3 . a -i-£ e NO fin (7) 

h . *2621 . *155-13 . 3 h : Hp . 3 . g ! a . g ! /3 (8) 

K (7). ( 8 ) . 3 K Prop 

*262‘271. I-: a, /3 e NO fin . 3 . a X /3 e NO fin 


[Proof as in *262 27, using *184'12 . *166'12 . *251-55 . *120‘5] 

*262272. ha,/3eNOfin.3.aexp r eNO fin 

[Proof as in *262 27, using *186"1 . *176"14 . *261*62 . *120 52] 

*262*31. h : yn, v e NC . 3 . fx r 4- v r C (fx + c v) r 
Dem. 

H.*180 2.3 

f :.Zefx r + v r . = : (gP, Q) • fx r — N 0 r‘P . v r — N 0 r‘Q . Z smor (P + Q) : (!) 

[*180-111.*151*18] 3 : (gP, Q ). fx r = N 0 r‘P . „ r = N«r‘Q . C‘Zsm (C*P + C‘Q ): 
[*155-12] 3 : (gP, Q). Pe p,.Qe Vf .C‘Z sm (C‘P + C‘Q) : 

[*262 12] 3 : (gP, Q). C‘Pe/X . C‘Qe v . C‘Z sm (C‘P4 C‘Q): 

[*110-21] DrHp.D.C'Ze^r (2) 

1 <> 
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b.(1). *262-12 . *15512. D 
t-: Z e fir -i- v r . D . (ftP, Q) . P, Q e H . Z smor (P + Q) . 
[*251-25.*18011-12.(*18001)] 5.Ze£l (3) 

b . (2) . (3) . *262-12 . D h Hp . D : Zefi r + v r . D . Ze (fi + c v) T D b . Prop 

*262'32. b : /*, v e NC induct. P e fi r . Q e v r . D. P + Q e ft r -f v r 
Dem. 

b . *200-12 . *26212 . D b: Hp. D . p, v t — PI — PA . 

[*262-24] D./i r ,v r eNO. 

[*180*21] 5.P + Qefi r + v r :D b. Prop 


*262*33. H : y e NC induct — P 1. D . /a,. + v r = (/* + 0 v) r 
Dene. 

b. *26212.3^:./* = A.v.y — A:D:/i r =A.v.y r = A: 

>180-4] D:^ + *V = A (1) 

b . *110"4 . Dh.pA.v.ysAsD./i+j^A. 

[*262-12] D.(/*+ 0 y) r = A (2) 

b . *26232 . D b : Hp .Pf/i r .Qe»'r.3.P+ Qe fir+ v r . (3) 

[*180*42.*152-45] D ./* r + *v= Nr‘(P+Q) (4) 

I-. (3). *262*31 . D b: Hp (3). D. P + Q e (/i -f- 0 ^)r • 

[*120 45.*262-24] D . P -f- Qe(ji -f- 0 v ) r . (fi +„ v) r e NR. 

[*152-45] l.(n+ c v) r =Nv‘(P+Q) (5) 


b • (4). (5). *1023 , *262*21 . D b : Hp. 3 ! /*,. 3 ! p. 3. /!*.+ v r — (fi -b 0 v) r (6) 
b.(1). (2). (6). D b . Prop 

The above proposition still holds (as we shall now prove) when one of 
fi and v is equal to 1, but not both. When both are equal to 1, A, 

while (/i+ oV ) r = 2,. 

*262*34. hi/teNC-^O.D.^ + iC^+olV 

Dem. 

b . *1812.3b:. Zefi r - j-1. = : (gP,#) ./*,. = N 0 r‘P. i?smor(P4*#) (1) 

b . *181-6 . *152-7 . D h : g ! P. D. Nc‘C‘(P 4>^) = Nc‘(7‘P + c 1 (2) 

l-.(l).(2).D 

b Hp . D : Ze ^4-i . 3 . ( a P) . ^ = N 0 r‘P. Nc‘(7‘Z= Nc‘C‘P+ 0 1. 

[*262-241 12] D. ( a P). ^ = NoPP. Nc‘C‘£= + 0 1. 

[*100-3] D.rae^+ 0 1 (3) 

b.(l).*26212.*15512.Db:^ e/ « r -fi.D.(aP).PeH. Mr =N 0 PP. 

[*251 1 132] D.^+ieNO. 

[*251 122] D.ZeH (4) 

b . (3) . (4) . *262*12 . D b Hp . D :£€>*,+ i . D (u + 0 l) r D b . Prop 
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*262341. h :/xf NC induct.Pe/v-^.P-f^e/vM 
Bern. 

I-. *20012 . *26212 . D h : Hp. D . p e - PI — PA . 

[*262-24] 3./i r eNO. 

[*181-21] D . P -f> cce fi r + 1: 3 f - • Prop 


*262-35. h : y, e NC induct - P0 - PI. D . tt r 4- i = (/* + c l) r 
Bern. 

K *26212. Dh: /4 = A.3./* r = A. 

[*181-4] 3.^ + 1 = A (1) 

h. *110-4. Dh:/i, = A.D./i+ c l = A. 

[*262-12] D.(p+ e l) r ~A (2) 

h. *262-341. D h : Hp .PejA r .D.P-\*xep T + l . (3) 

[*181-42.*152-45] D ./^-f i = Nr‘(P4»#) (4) 

h. (3). *262-34. Dh^p.Pe/^.D.P-k^e^+olV- 
[*120‘45.*262 24] D.P 4*# e (/* +„ l) r . (/i + c l) r e NR . 

[*152-45] D.^l^Nr^P-M (5) 

H.(4).(5). Dt-:Hp. a !^ r .D.^ + i=( >A + e l),: 

[*262-21] D h : Hp. a • 3 ■ Mr + 1«(/• +. 1> (6) 

h . (1) . (2) . (6). D f-. Prop 


*262-36. f-: /* 6 NC induct — PO - PI . D. i 4 - a«t = (1 + c fi) r 

[Proof as in *262*35, by means of analogues of *262'34341] 

*262*41. h : fi t v e NC. D. v r C (/* x 0 v) r 

[Proof as in *262*31, using *1841-5 . *113 - 21] 

*262*42. h : /t, v e NC induct .Pefi r .Qev r .'5.Px.Qefir'kv r 
[Proof as in *262 32, using *18412] 

*262‘43. h : /*, v e NC induct - pi. D. ^ X v r = (/* x 0 v) r 

[Proof as in *262 33, using *18411. *113-204 . *18415 . *120 5] 

*262*51. h:/ieNC.reNC induct. D . ^ exp,. v r C (/p) r 
Bern. 

h . *186-5 . D f-: fi r , v r e N 0 R . * 0 . R e ^ exp r v r .D. C‘R e {G it ^) ct,v ' (1) 


f-. *186*11. 0 h : R e fir exp r v r . D . g ! fi T . g ! v r (2) 

h . (1) . (2) . #262*18 . D h : Hp . v 4= 0 . R e fa exp r v r . D . C l R e fa (3) 

h.*26212. Df-..^Cn. 

[(2).*251-1.*186-11] D h -.Re fir exp r . D . fa e NO (4) 

h. *262-24 . D f-: Hp . v* 1. A . D . Vf «NO fin (5) 

H . (2). (4). (5). *261 -62 . D r : Hp. i/ + 1. R e fa exp r v r .D .Red (6) 

H . (2). *20012 . D h :Refa exp r x/ r . D . *1 (7) 

H . (3) . (6). (7) . D h Hp . D : R e fa exp r v r .D . Re £1. C l R e fa . 


[*26212] D. Re (fa) r 3 h . Prop 
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*262*52. I-: ft, v e NC induct. P e ^ . Q e v r . 3 . (P exp Q) e (fi r exp, v r ) 
Devi. 

b . *20012 . *26212 .3 b : Hp .3 . ,u, y e - PI - PA . 

[*262*24] 3 . fi r , v, e N 0 . 

[*186*13.*152*45] 3 . (P exp Q) e ( M , exp, v r ) Ob. Prop 


*262*53. h/i,rfNC induct — PI . v =}= 0 O . fi r exp, v r = (/ i") r 
Deni. 

t-. *262 12 . *186*11 . 3 t-:. p.= A . v . v = A O . /x, exp, v r = A (1) 

b - *116*204 . *262 12 Jh.pA.v.^AO. (/P) r = A (2) 

b . *262*52 Ob: Hp . P e /x,. Q e v r O . (P exp Q ) e (/x, exp, v r ) • (3) 

[*186*13.*152*45] 3. NP(Pexp Q) = /x,exp, v r (4) 

b . (3) . *262*51 . 3 b : Hp (3) O . (P exp Q) e ( M ' >, (5) 

b. (5). *120*52. 3b: Hp (3) O ./i* 1 eNC induct. (6) 

b . (5). 3 b : Hp (3). 3 . g ! (fi v ) r . 

[*20012.*262T2] 3. / x" + l (7) 

b . (6). (7). *262*24.3 b : Hp. 3 . (^) r e NO (8) 

b . (5). (8). *152*45.3 b : Hp (3). 3 . Nr‘(P exp Q) = (^),. 

[(4)] 3 . fi r exp, i/ r = (fl v ) r (9) 

b . (9). *262*21. 3 b : Hp . g ! /x. g ! v . 3 . /x,exp, v r — (fi v ) r (10) 

b . (1). (2). (10) .3b. Prop 


We are now in a position to establish the commutative property of 
addition and multiplication of finite ordinals. This is effected by means 
of *262*33 and *262*43. 

*262*6. b : a, ft e NO fin O . a + fi = fi + a 
Dem. 

b . *262*26 Ob: Hp . 3 . (g/x, r)./i,reNC induct — PI . a = fi? . j3 = v r . 
[*13*12] 3 . (g/x, V ).fi,v€ NC induct - PI. a + £ = fi r + v r . a = /x, • fi = v r ■ 
[*262*33] 3 . (g/x, v) . fi, v e NC induct — PI. a + fi = (fi + 0 v ) T . a = fir . fi = v r 
[*110*51] 3 . (g/x, v) . /x, v e NC induct — PI . a + fi = (v + c /x), . a = fi r . fi = v r . 
[*262*33] 3. (g fi, v ). /x, v e NC induct — l‘ 1 * a + fi = v r + fi r • a ~ • fi = v r ■ 
[*13*22] 3.a-f£=/8 + a:3b. Prop 

*262 61. b : a.^eNO fin O . a Xfi^fiXa 

[Proof as in *262*6, using *262*43 and *113*27] 

*262*62. b : a, NO fin . 3 . aX(^ + 7 ) = (aX/ 8 ) + (aX 7 ) 

Dem. 

b . *262*27*61 O b : Hp .3 . a X (fi + 7 ) = (fi + 7 ) X « 

[*184*35] = (£*«) +( 7 *#) 

[*262 61] =(aX^) + (aX 7 ) O b . Prop 
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*262*63. b : a, /9 ,7 e NO fin . 3 . (aX/3)cxp ,.7 = (aexp,. 7 ) X(ficxp r 'y) 

Dem. 

h . *262-26 . 3 

h : Hp . 3 . (g>, v „ ©■) . fi, v, nr e NC induct — Cl . a = ^ . /3 = v r . y = nr r ( 1 ) 
h. *26243.3 

h : ft, v, nr e NC induct — Cl . 3 . (/*,. X y,.) exp,. a r = (/t x„ r-) r exp r t.,. (2) 

h . *113 602 . 3 h : /* = 0. i; = 0.3./zx c i/=|=l (3) 

h . *117-631. 3 h : /*, 1 / e NO - CO - Cl . 3 . x c u + 1 (4) 

M3). (4). DhHp(2).3.^ c ^l (5) 

f-. *120’5. 3 h : Hp(2). 3 . ^ x c r e NC induct (6) 

h . (5). (6) . *262-53.3 h : Hp (2) . 0 + 0,. 3 . (/* x c 1 /), exp r «r,. = j( M x c */)"},. 
[*116-55] ={n*x Q v*) r (7) 

K *117-652.3 I- :Hp (7). A i + 0 r .D.^^#tx o «- 

[*117-631] 3.#i®*l ( 8 ) 

h . *116 311.3 I-: Hp (7). ,* = 0 r . 3 . u=4 1 (9) 

h . ( 8 ). (9). 3h-,Hp(7).3.^ + 1 ( 10 ) 

Similarly h : Hp (7) . 3 . v” + 1 (11) 

h . (10) - (11) - *120-52 . *262 43.3 h : Hp (7). 3 . (^ x 0 v”) r = (/C*), X (»”) r 
[*262‘53] =(/!.,. exp r t 3 -,.)x(y r exp,.ra-,.) (12) 

h.(2).(7).(12).3 

h : Hp(7). 3.(A* r Xi' J .)exp r 'Er r = (/A r exp r w r )x(t',-exp r o- r ) (13) 

f-. ( 1 ). (13). *26219.3 

h : Hp . 7 4 0 r . 3 . (a X £) exp,. 7 = (a exp r 7 ) X (J3 exp r 7 ) (14) 

h . *186-2 . *184-16.3 

h : Hp . 7 = 0 r . 3. (ax/3)exp r y = 0,.. (aexp,. 7 ) X(/3exp r 7 ) = 0,. (15) 

K (14). (15). 3 K Prop 


*26264. h:afNOfin.3.a-i-i = i+ a 

Dem. 

h . *262-35-36-26 . *110‘51.3h:Hp.a+0 r .3.a-i-i = i+ a (1) 
h. *161-2-201. 3l-:« = 0 r .3.«+i = 0,.i+a = 0 r <2) 

Ml). (2). 3 h. Prop 

*262-65. h:a,#eNOfin. i S + 0 r .3.a*0S+i) = (a*£) + a 
Dem. 

h . * 262-61 .3 h : Hp . 3 . a * (£ + i) + i) * a 

[*184-41] =(jSx«) + a 

[*262-61] = (a X jS) -i- a : 3 1-. Prop 

*262-66. h:a,/3 6NOtin./8 + O r .3.ax(l+/8) = ai(ax / 8) 

[Proof as in *262‘65] 
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*262*7. f- p, v € NO induct — i‘l . 3 : n > v . = . /* r •> v r 
Dem. 

h . *262*21 . *11712 . 3 b : Hp . p > v . 3 . g ! /*,. a ! 17 . 

[*262*18] 3. /* = C“/ir. v = C“v r . (1) 

[*255*76.*262*24] 3. ^ •> ^ (2) 

h . *120*441 . 3 h : Hp . ^(/i. > p) . 3 . i> (3) 

h . (1) . 3 h : Hp . ft < p. 3. < v r (4) 

h . *262*21.31-: Hp . fi ~ sm“v. 3. (gP). /a = N 0 c*(7*P. fi = sm u y . 
[*103*4] 3 . (gP). ^ = N 0 c‘C‘P. v = Nc'C'P. 

[*262*241] 3 . (gP). fi r = N 0 r *P. v r = Nr‘P. 

[*155*4] 3 . p r = smor“z/ (5) 

K (4). (5). *117*104.3 h : Hp. fx < x>. 3. ^ ^ v r (6) 

I-. (3). (6). *255*483.3 h : Hp . ~ (ft, > v ). 3 . - (fi r > v r ) (7) 

K (2). (7). 3 h. Prop 

*262*71. h : ae NO fin - i‘0 r . 3 . (g£) .£eNO fin -t‘0 r v 3 + 1 

Dem . 

h . *262*11 . *261*24.3h:Hp.3.g!an (P(5 | Cnv) (1) 

K (1) . *204*483 . (*181*04) .31-. Prop 


*262*8. h : a,/9eNO . 76 NOfin.a</^. 3.aexp r 7<^exp r 7 [*261*64] 

*262*81. V : a 0 e N 0 O . 7 e NO fin . a exp r 7 = 0 exp r 7 . 3 . a = stnor “/8 
Dem . 

I- . *262*8 . Transp . *255*42.3 h : Hp . 3 . ~ (a <• 0) . ^ (a •> 0) , 
[*255*112] 3 . a = smor u /i?: 3 h . Prop 

*262*82. h : « eNO fin . 0 e NO infin . 3 . a <• 0 [*261*65] 


*262*83. h : a eN 0 O- P0 r . ^,7 eNO fin . 0 < 7 .3 . aexp r £< aexp r 7 
Dem. 

h .*255*33.3 h:.Hp.3:(gcr).ts-eNO —t f 0 r .7 = 0 + ra.v .0 4= 0 r .7=/34-1 (1) 
h . *254*51.3f-:QCP.3.~(P less Q) (2) 

I-. (2). *255*1. 3 h : 7 = + w . 3 , ~ (7 <• or) (3) 

h . (3). *262*82 . Transp . 3 h : Hp .y = 0 + GF .vr t NO fin (4) 

I- .*186*14.3 h : Hp(4).CT=f 0 r ./ 3 =j= 0 > -. 3 .aexp r 7 ^(aexp r /9) x(aexp r w) (5) 
I-. *262*71*272.3 h : Hp (5). 3 . (g 8 ). 8 e NR - 1 % vSi.a exp r 0 = 8 + 1. 
[(5).(4).*255*573] 3. aexp r 7 •> aexp r 0 ( 6 ) 

I-. *255*51.3 h : Hp (4) . w =}= 0 r . 0 = 0 r . 3 . a exp r 7 > a exp r 0 (7) 

I-. *186*22.3 I-: Hp ./ 5 ?=}= 0 r . 7 =/ 34 -i- 3 .a exp r 7 = (a exp r 0) x 0 . 
[*262*71.*255*573] 3. aexp r 7 •> aexp r 0 ( 8 ) 

h . (1). ( 6 ) . (7) . ( 8 ) . 3 h : Hp . 3 . a exp r 7 > a exp r 0 : 3 h . Prop 


*262*84. l-:PeIl —PA.Q.PeH fin. Qless P.3. PQ less P* [*262*83] 



*263. PROGRESSIONS. 


Summary of *263. 

If R is a progression in the sense defined in *122, ie. a one-one relation 
whose field is the posterity of its first term, then R ^ is a serial relation, and 
the series generated by R ^ is of the type which Cantor calls co, ie. the 
smallest of infinite series. It is easy to prove that all progressions are 
ordinaliy similar, and that, if all inductive cardinals exist, the series of 
inductive cardinals in order of magnitude is of the type <y. Thus co is an 
ordinal number, which is not null if the axiom of infinity holds. 

Most of the properties of co are easily deduced from the corresponding 
properties of “Prog,” which have been proved in *122. The definition is 

co = P {(3-R) . R e Prog . P = jRpo} Df. 

The axiom of infinity implies that “less to greater” with its field con¬ 
fined to inductive cardinals is a member of co, or, what comes to the same 
thing but is easier to prove, that {(NCinduct)'](+ 0 1)}^ is a member of co 
(*263T2). Thus the axiom of infinity for the type of x implies the existence 
of co in the type t^x (*263132); and generally the existence of co in any 
type of relations is equivalent to the existence of N e in the type of their 
fields (*263T31), because K 0 *= D“<w = G i( co (*263*101). 

By using the fact that in a progression R (in the sense of *122) all the 
terms are values of v R , where every inductive cardinal occurs as a value of v 
(which was proved in *122), we easily deduce that if there are progressions 
they are the series that are ordinaliy similar to the series of inductive 
cardinals (*263T61). Hence both “Prog” and co are relation-numbers 
(*263*162T9). Moreover, by *122*21-23, co consists of well-ordered series 
(*263'11). Hence co is an ordinal number (*263 2). 

We next prove that progressions are infinite series (*263 23), and that 
a series contained in a progression is finite if it has a maximum (#263‘27), 
and is a progression if it has no maximum (*26326). It follows that, 
assuming the existence of progressions or the axiom of infinity, co is the 
smallest ordinal which is greater than all the finite ordinals (*263*3T32). 
Connected with this is the fact that the predecessors of any term in a 
progression are an inductive class (*263'412). 
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*263'44'48 give various formulae for to, any one of which might be taken 
as the definition. Wc have 

*263 44 . h . » = n - i‘ A n P (a*P 1 = G‘P . ~ E ! B‘P) 

I.e. progressions arc existent well-ordered series in which every term 
except the first has an immediate predecessor, and there is no last term. 

*263 46. h . o> = fi n P (E ! B‘P 1 . ~ E! B ( P) 

l.e. progressions are well-ordered series in which there is only one term 
having an immediate successor but no immediate predecessor, and there is 
no last term. 

*263-47. h . to = ft n P [a C C*P. X : a e Cls induct. = . & ! C‘P n |/P“a} 
l.e. a progression is a well-ordered series in which any sub-class or stops 
short of some point of the series if a is inductive, but not otherwise. This 
proposition will be useful in the next section. 

*26349. = (d‘Pi = iTP) = fl n P (P = P fn ) 

l.e. finite well-ordered series and progressions together are those well- 
ordered series in which every term except the first has an immediate pre¬ 
decessor, and arc also those in which every interval is an inductive class. 

F,rom *201-45 it follows that, if P is an infinite well-ordered series, P 
confined to the terms at a finite distance from B‘P is a progression, i.e. 

*263-5. I-: P e ft iufin . D . P£ (t‘P‘P w P fn ‘P‘P) e o> 

Hence it follows at once that an infinite ordinal is at least as great as to, 
and therefore infinite ordinals other than to are greater than to, i.e. 

*263 54. h : a e NO infin — i‘to . D . a •> to 

The remaining propositions of this number are occupied in proving to X 2 r =&» 
(*263-63) and to X a = to if a is finite and not zero (*263*66). It is not the 
case that 2 r X to = to or a X to = to. 

Cantor has varied his definitions of multiplication as regards the order of 
the factors. Originally, he adopted the same rule as we have adopted, but 
in later works he inverted the rule, so that what we call 2 r Xto he calls 
to X 2,., and vice versa. Thus with his definitions in his later works, %■ X to — to 
but to X 2 r 4 =&>- We have reverted to his earlier practice, for various reasons, 
but chiefs in order to have NrHH(P^ Q) = Nr‘PxNr‘Q (cf. *172). Which¬ 
ever rule we adopt, there are some inconveniences, so that the question as to 
which is chosen is not of great importance. 
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*26301. a> = P{(gP).P t Prog.P-P, >0 } Df 

*26302. N= £ v [fie NC induct. v = (fi+ 0 1) r» t Q VI Dft [*263] 

The above temporary definition of iV is the same as that in *123. 

*2631. b :Peto.= . (gP) . M e Prog. P = P po [(*26301)] 

*263101. b . K 0 = D“oi = C“u, [*1231 . *122 141. *91 504] 

*26311. KbOI 

Dam. 

I .*122*23141 . *2631 .DhPf <».aCC‘P.g ! a. 3. E ! min/a (1) 
b.(l). *250125. 3 b. Prop 

*26312. b : Infin ux . 3 . iV^ e m [*123*25 . *203*1] 

*263*13. b : g ! (x ). = . g ! to r» t ll ‘x 

Bern, 

b . *263*101 . (*65*02). 3 

I-: 3 ! No (®) ■ = • (3-P) .Peco.C'Pe t‘t‘x . 

[*64*57.*63*5] = . (gP) . P e a>. P e t" ( x : 3 b . Prop 

*263131. I- : g ! (N 0 ) tt . = . g ! w r\ t^a [Proof as in *263*13] 

*263*132. b : Infin ax (x) . = . g ! to r\ t^x . 

Berm. 

I-. *125*23 . *263*13 ,3b: Infin ax (x). = . g ! ai r\ t n ‘t 2 ‘x. 

[(*64*011*014)] = . g ! co n t'^x :3b. Prop 

This proposition asserts that, if the number of individuals of the same 
type as x is not an inductive number, then there is a progression whose 
terms aie of the type of t 2i x. This progression will be that of the inductive' 
cardinals which are applicable to classes whose terms are of the same type 
as x. 

*26314. b : R e Prog . P = . 3 . P= P tn = R ln . R = P, 

Bern. 


b. *121*254.3 b :Hp, 

. 3 . P, = R, . 


[*121*31.*122*1*16] 

3 . P l = R . 

(1) 

[H P ] 

3.(P t ) p0 = P. 


[*260-27 .*263*11, 1 

3.P,„ = P. 

(2) 

[*260*15.Hp] 

3 • Pfn = P 

(3) 

b . (1) . (2). (3) . 3 b . Prop 



r. & W. III. 
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*263141. b : P e » . 3 . P, e Prog. P = (PO In = 

Dem. 

b . *263 1 .3 b : Hp.3. (gP) . R e Prog . P = P po . 

[*26314] 3.(aP).PeProg.P 1 = P.P = P fn .P = P po . 

[*13-195] 3. P, e Prog . P = (P^ = (P^ : 3 b . Prop 

The above proposition shows that every interval P(x>-*y) in a progres¬ 
sion is an inductive class. 


*263-142 b : R, 8 e Prog . P^ = S po ■ 3 . P = P 
Dem. 

I-. *26314. 3 b: Hp.3.P = (S^), 

[*26314] =S: 3 I-. Prop 

* 263143 . biP,Qeu.P l = Q 1 .O.P = Q 
Dem. 

b. *2631. 3 b : Hp. 3 . (gP, S).R,Se Prog . P = P^ . Q = 8^ . P l = ^ . 
[*263-14] 3 . (gP.S ). R,Se Prog . P = P p0 . Q = S po . P = P x . S = &. P t = &. 
[*1317] 3.( a P }J S).P,iS'eProg.P = P po .Q=S po .P = S. 

[*13-17] 3. P = Q: 3 b . Prop 


*26315. b 

: Pe 

Prog. S -- 

= cb v {v e NC induct. x — 

! +0 !)«} - 3 - jS € 72 

smor. 


Dem. 






1-. 

. *123-3 . 

3 b : 

: Hp . 3 . 

S e 1 -» 1 . D‘S = D ‘R 

. <ra= NC induct 

(1) 

I- , 

. *123-21 . 

3b, 

.NC induct =C‘JV 


(2) 

1-. 

. *110-56-643 .! 

3 b : Hp 

■0*+. 1)P(^+ c 1).3. 

, V + c 1 == fL +c 2 

(3) 

b. 

■(3).5H: 

:.H P 

.3 : 





x (S’flf) y . = . (g>). w e NC induct. # = (fi + c l) s . y = (y, + c 2)^. 
[*121-332-131] = . (g M ) . fi e NC induct . (B‘R) R , * . (P‘P) (P M | P) y , 

[*122341.*121342] = .«Py (4) 

I-. (1). (2). (4) . 3 I-. Prop 


*263*151. b : P e Prog .3 . P smor JV 
*263*152. b : P e Prog . Q smor R . 3 . Q e Prog 
*263-16. ■ b : P e Prog . 3 . Prog = Nr‘P = NrW 
*263161. f-: g ! Prog . 3 . Prog = Nr*i\T 
*263162. 1-. Prog e NR 


[*263-15] 

[*123-32] 

[*263-151-152] 

[*26316] 

[*263-161. *154-242] 
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*26317. b : P e <o O . « = Nr‘P = NrCV^ 
Bern, 


b.*263*1. Db 

:HpO 

• (gP) ■ P e Prog 

.P = P p 



[*263*iol] 

D 

. (gP). P smor N .P = R 

po • 


[*151*56] 

D 

. P smor Np 0 . 



(i) 

[*152*321] 

D 

. Nr‘P = Nr'i^po 



(2) 

b. *151*59 Ob 

: P e a). 

Q smor PO.^ 

smor P x 



[*263*141*152] 



e Prog 


(3) 

b . *150*83 . D b 

: P e &). 

iS e Q smor P O . 

m po= 

^ ; (P))po 


[*263*141] 



= 

(SiP 


[*151*11] 



= 

Q 

(4) 

b . (3). (4). *263*1 Ob: 

: P e &). Q smor P 

'O.^e 

a) 

(5) 

b.(l). Dh- 

'P,Q«« 

i) O . P smor Q 



(6) 

b . (5) . (6) O b : 

; P e ft). 

D . o = Nr‘P 



(7) 

b ■ (?) • (2) O b . 

Prop 






*26318. h: a !c».D.w = NPN po [*263*17] 

*26319. b . co t NR [*26318. *154*242] 

*263*2. Ka.eNO [*263*19*11. *256*54] 

*263*22. b : P e e». D . d‘P C D‘P . - E! P‘P. E! B‘P 
[*122*141. *263*1. *122*11] 

*263*23. b . to CII infin 
Bern. 

b . *261*35. Transp . *263*11*22 O b : P e O . G ( P e Cls induct - i‘A (1) 
b. *263*22 . D b : P e ©. D . g! C‘P (2) 

b. (1). (2). D b : P e a). D . C‘P ~ e Cls induct. 
r*261*14*41.*263‘ll] D . P fl infin Ob. Prop 

*263*24. b : a ! (« O . a) e NO infin [*262*14 . *263*17*23] 

*263*26. b : P e a). g ! a n C‘P . ^ E ! maxp'a O . P£ a e ft) 

Bern. 

b. *263*1 . *205*123 0 

b ; Hp . D . (gP) • P e Prog . P = R ^ . a • a n C‘R • a n G‘R C Ppo“« . 

[*122*442*45] D . (gP). P e Prog .P = R^. P\,o - (P^afe Prog . 

PDa=[Pp«-(PC«» B „. 

[*2633] D.P^Of aOH.Prop 

*263*27. b : P e g) . E ! max pa O . P £ a e O fin 
Bern. 

1 . *122*43 . *263*1. D b : Hp O . a r\ G f ‘P e Cls induct. 
[*37*41.*120*481] D . C‘(P £ a) e Cls induct (1) 

b . *263*11 . *250*141 O b : Hp O . P £ a <= H (2; 

b . (1;. (2). *261*14*42 Ob. Prop 
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*263-28. h : P e a >. D . Sc n RPP C a> u 11 fin [*204 421. *263’26'27] 

*263 29. hPew.ytfifin.D.Q less P [*261-65 . *263-23] 

*263*3. f-:Pew.D. less'P = fl fin 
Dem. 

V . *254-1. *zo3l7 . D 

h : P € to . Q less P . D . 3 ! Nr‘Q n RPP . Q ~ e &>. Q e H . 

[*26317] 3 . (gP). R e N v‘Q n RPP .R~ea>. 

, *263 28] D . (gP). P e Nr'Q n 12 fin . 

[*26M83] D.QeOfin (1) 

i-.(l). *263-29. Dh. Prop 

*263*31. h.g!®.D:a<«.E.ae NO fin 
Dem. 

I-. *25517 . *26317 . D I-P e ® . D : N t‘Q < a,. = . Q less P. 

[*263-3] = . Q e O fin . 

[*26213] = . Nr'QeNO fin : 

[*152*4] D : a e NR. a <• oj . = . a e NR. « e NO fin : 

[*25512.*2621.*152'4] D : a < a,. = . a e NO fin :. D h . Prop 

*263-32. h Infin ax . D : a < w . = . a e NO fin [*263*31-12] 

*263*33. h:«<*ft).D.aeNOfin 
Dem. 

h. *2551 .*15513 . D h : Hp.D. gift) ( 1 ) 

h . ( 1 ). *263-31 .Dh. Prop 

*263*34. h . 1 + <» = ft) 

Dem. 

H • *262-112 . *263-24 .Di-:Hp.g!ft).D.l+« = ft) (1) 

I - . *181 *4. Dh:ft)=^A.D.i-i-«u=A ( 2 ) 

K(l).(2). Df-.Prop 

*263*35. h : a e NO fin . D . a + ft) = &> 

Dem. 

h . *180-61. *26318 .DI-:g!».D.O r + a> = ft» ( 1 ) 

h.*180'4. Dh:ft) = A.D.O r -}-a) = A ( 2 ) 

l-.(l).( 2 ). Dh. 0 r -i« ( 3 ) 

h . *181-57 . *263-34 .Dh.2 r -i-o>=i+ft> 

[*263-34] = w ( 4 ) 

1-. *262*36 . D I-: /i e NC induct — i‘0 — i‘l . D . (/x. + c l) r + ft) = ^ + i + &> 
[*263-34.*181-58] =^ + 0 ( 5 ) 

f-. (5) . D I- : /i e NC induct - PO — PI. /*r + ft) == a>. D . (/x. + 0 l) r + o> == ft) ( 6 ) 
f-. (4) . ( 6 ) . Induct .Dh:/te NC induct — PO — PI. D . /^ + &) = ««> ( 7 ) 

f-. (3) . (7) . D h : fi eNC induct — PI . 3 . //* 4- to = & : 

[*262*26] Dh:aeNOfin.D.a-i-ft> = ft):Db. Prop 
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*2634. t-: P e e». D . D <P S C H fin . Nr“D‘P f = NO fin 

Dem. 

b . *254182 . D b : Hp. 3 . D‘P, C WP . 

[*263-3] D.D‘P s Cftfin (1) 

b . *263*31. D h Hp. D : a < NPP. = . aeNO fin : 

[*256'11] D : a e Nr“D‘P f . = . a e NO fin (2) 

K (1). (2). D K Prop 

*263*401. b : P e <a . a e secPP —PA — P(7‘P , 3 . E ! max P ‘a 
Dem. 

I-. *250-65 .Dh:Hp.D.P£a~e NPP. 

[*26317] ' D.Ppa~ea>. 

[*263"26.Transp] D. E! max P ‘a: D h . Prop 

*263402. h : Peeo. D . senPP - PA - PP‘P = P*“(7‘P 


h . *205131-22 . *263*401.3 


h : Hp. a e secPP — PA — P(7‘P .D.au P“a = P'max/a u Pinaxj/a. 


[*2111.*91-54] D. a = P*‘max P ‘a. 

[*205-111] D.aeP*“tf‘P 

h.*211-3-13. D t-. f^“C*PCsecPP 
h . *9012. D h . P*“C"P C - PA 


h . *205*197 . D h i Hp . x e C‘P . J . E! max p‘P%‘x . 
[*263-22] D.’Ptfx^C'P 

b . (2). (3). (4). D b : Hp. D . P*“P‘P C sect‘P - PA - PC‘P 
h . (1) . (6\ D h . Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


*263-41. h : P e a). D . P f p D‘P f = P £JP*JP 
Dem. 

I-. *213-11-141-151.3 

h Hp. D : Q(Ps£ D‘P r )P. = . (g«,/9). a, j8e" Q cPP— PA—PC^P-aC/^.a^/y. 


[*263-402] 


Q = P£a:P = P[;£. 


= . (a*, y) • *, y . C‘P. P*‘* C P*‘y . P*‘* + P*‘y . O = P p P*‘*. P D • 
[*200-391] 

= . (a«, y).x>ye C‘P. P%x C P^y . a; 4=« . Q = P £ P#‘&. P = P £ P*‘y . 
[*204*32.*9012] 

= ■ (3^,y) ■ xP*y .x^y. P*‘a? C ~P%‘y .Q=Pt P*‘x. R = P £ P^y . 
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[*201*H*15] = . (g®, y) . xP*y .x$y.Q = P[ P%‘x ■ P D F *V ■ 
[*201*18] = . (ga, y) .jcPy .Q = P£ P^x . P = P £ P^y . 

[*1501] = . Q(P ^P*iP) R 3 b . Prop 

*263*411. I-: Pew.D. 0"D‘P s = P*“<3‘P vt‘A 
Dem. 

b. *213*141. *263*402.3 

f-: Hp. 3 . (7“D‘P S = C“Pt“P*“C‘P 

[*93*103] = 0“P£“P*“(I‘P v i‘C l P t~P%B‘P 

[*201*521.*202*55] =P*“CPP u Pd‘P£ pyP'P 

[*201*521.*200*35] = P*“d‘P ut f A:DK Prop 

*263*412. b : P e <o . 3 . P‘a, P*‘;c e Cls induct 
Dem. 

b . *205*197 -DP: Hp . x e C*P . 3 . E ! maxyP^ar. 
[*263*27.*202'55.*120'213] 3 .P*‘#e Cls induct. (1) 

[*120*481] 3 . P‘# g Cls induct (2) 

b . (1) . (2) . 3 b . Prop 

*263*42. b:Peft>.3.sgm‘P = A|(C‘P) 

Dem. 

b. *212*21. *21112.3 


b:.Hp.3:a(sgind 3 )£. = .a = P“a./3 = P“/3.aC£.a=M (1) 

Ml). *211-1. *205123.3 

b : Hp. a (sgnPP) /3 . 3 . a, (3 e sect ‘P . ~ E ! max P ‘a . ~E ! max P ‘/3 . 
[*263*401] 3. a, fi e PA u Pd‘P (2) 

I-. (1). (2). 3b:Hp.«(sgm‘P)/3.3.a-A./3 = C‘P (3) 

b. *37*29. 3h:« = A.3.a = P“a (4) 

I-. *263*22.3 I-: Hp . £ = C‘P . 3 . j3 = P“£ (5) 

b.(l).(4).(5). 3 f-: Hp. a = A . /? = C‘P . 3 . a(sgm‘P)/9 (6) 

b . (3) . (6) . 3 b . Prop 

*263*43. I-: P 6 w. 3 . d^ = <3‘P 
Dem. 

b . *263*141.3 b : Hp. 3 . d‘P = a^POpo 


[*91*504] = (HP,: 3 b . Prop 
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*263 431. V:P e n-t‘A. Q.‘P, = <3‘P. ~ E ! P‘P. D . P e <» 

Bern. 

I-. *261'35 . Transp . D I-: Hp . D . P e O infin . 
[*261-44] 3 . P t f P fl /P‘P e Prog. 

[*261-212] 3 . P t f P‘P‘P e Prog . 

[*202-524] D . P t e Prog 

h . *261-212 . D h : Hp. D . P = (P^ 
h.(1).(2).*263-1 .Dh .Prop 


( 1 ) 

( 2 ) 


*263-44. h . « = 12 - 1‘ A a P (CPP, = H‘P . ~ E! P‘P) [*263-43-22-431] 

*263-46. h . = O - i *A n P (P = P fn . ~ E ! P‘P) [*261*212 . *263-44] 

*263-46. I-. a) = Q n P(E! P‘P X . ~ E! P‘P) 

Dem. 

h . *121*305 . *93-101.D 

h : P e n . ~ E ! B‘P . (1‘P, + d‘P . D . a ! d‘P - CPP,. <FP = D‘P - B‘P . 
[*250-21] ^ . g ! D‘P t - (TP, - i‘P‘P. 

[*93101] D . a ! D‘Pi - i‘B‘P (1) 

h . *121-305 . *250 21 . D h ; Pe£l- i‘A . D . B'Pell'P, (2) 

h . (1). (2). D I-: P e 12 . ~ E ! B ( P. d‘P l + CPP. } .~B t P 1 ~ e 1. 

[*53-3] D.-EIP'P, (3) 

H.(3).Traosp.DH:P6H.E!P t P 1 .~E!P t P.D.a f P 1 = a i P. 

[*263-44] D. P e« (4) 

h . *250-21. *263-44 .DhiPeu.D . "P'P, = P'P. 

[*250-13] D . E! B‘P, (5) 

h . (5). *263-44 . D H ■ P e ft). D . E! B‘P ,. ~ E! P‘P (6) 

h . (4). (6) - D h . Prop 

*263-47. h . ft) = n n P {a C C‘P . X : a e Cls induct. = . 3 ! C‘P np‘P“a} 

Dem. 

h . *254-52 . D h : P e «. a C C‘P . a ! C<Pnpfp“a . D . (P £ a) less P. 

[*263-3] S.Ptaefifin. 

[*261-42-14] D . C‘(P t a) e Cls induct. 

[*202-55.*120-213] D . ae Cls induct (1) 

h . *261 26 . D h : P e ft). a C G‘P . a e Cls induct. a ! a ■ 3 • E ! max P f a. 
[*263*22] 3. a ! P‘niax/a. 

[*205-65.*40-69] " t .g!C‘PyP“a (2) 
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K(l). (2).*40-2.3 

h:.Pe».aCC‘P.3:aeClsinduct.= .ftlC‘Prsptp*'a (3) 

h. *40*2. *120*212.3 

\-::Pen:.aCC‘P.X :a*Cls induct.-, g l C'P * p‘P<‘a P (4) 

K (4). *200-51.3 I- : Hp (4). 3 . C‘P~e Cls induct (5) 

b . *250*16.3 

h : Hp (4) . g ! d‘P - a i P l . 3 . P'minP(d‘P - d'^) e Cls induct . 
[*261*26] 3 . EI inax/PW/(a‘P - d‘P,). 

[*205*252] 3 . min/(d‘P - ( VP ,) £ d‘P t (6) 

h . (6). Transp . 3 h : Hp (4). 3 . d‘P x = d‘P (7) 

h.(5).(7). *261*34.3 h : Hp (4). 3 . ~ E ! B ( P (8) 

K(4).(7).(8). 3 h : Hp (4) . 3 . P e &> (9) 

h*. (3). (9) . 3 h . Prop 

*263*48. h . a> = fi n P {« C C‘P . 3 a : a ~ e Cls refl . - . g ! C‘P n tfP“*\ 
[*263*47 . *261*47] 

*263*49. Kfl fin uu^flnP (d‘P l = d'P) = finP(P= P fn ) 

Dem. 

. *261*22. *263*44.3hPfflfinu ft) .3. d‘P, = d‘P (1) 

h . *261*34. *263*44.3 h : Pe fi . d‘P 1 = d‘P . 3 . P e H fin u a, (2) 
i-. (i). (2). 3Knfinu W =n nP(a‘P^a‘P) 

[*261*212] = H n P (P = P fn ). 3 H . Prop 

*263*491. hP e nfi QU ®.3.P--' (POpo ■ P<r=(Pl)«r 
Dem. 

h . *263-49 . *261*212.3 h : Hp . 3 . P = (P,)^ • (1) 

[*91*602.*121*103] 3 . P (« w y) = P, (a; hh y) . 

[*121*11] 3. P ff = (Pi)<f (2) 

h . (1). (2) . 3 I-. Prop 

*263*5. I-: P e n infin . 3 . P £ (Pfl'P u P fn ‘P‘P) e 
Dem. 

h . *261*45 . 3 H : Hp. 3 . Pj P fn 'fi‘P e Prog (1) 

I-. *260 33*27.3 h : Hp. 3. (P x fK‘P‘P)po = Pfn D C‘P‘P wK'S'P) 
[*260-32] =Pt(PP‘PvP rn ‘P‘P) (2) 

h. (1). (2). *2631.3 h. Prop 
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t‘P‘P yj P fn ‘P‘P e D‘(P e A I). i‘B‘P V P fn ‘B‘P e d'sgm 'P 

Bern. 

h . *263*5*22 .2 h : Hp. 2 . ~ E! max/(t‘P‘P Jp^B'P) (1) 

H . *26011. 2 I-: Hp. y e d‘P - % u l B l P . # e P fn ‘P‘P. 2 . 

P (1?‘P hh y) ~ € Cls induct. P ( B‘P i—iic) 6 Cls induct. 
[*120*49] 3. Nc'P {B t P hh y)> Nc ( P (B'P w 

[*117*222.Transp] 2 . ~ (yPx) (2) 

h . (2). Trunsp. 2 t : Hp. 2 . P'dP^K'P C 3 p w Ka^ r P (3) 

H . (3). *93*101. D H Hp. 2 . P“(P B‘P cK^P) C i‘P‘P w K„‘P‘P (4) 
h . (1). (4). *211*41 .0 h : Hp . 2 . t‘P‘P u P fn ‘P‘f « D‘(P e n I ). (5) 

[*212152] D. i'B'P v P fn ‘P‘Ped‘sgm‘P (6) 

h . (5) . (6) . D f-. Prop 

*263*52. H : Pell infin -<o.2. (ga?) .a;ed‘P .% n ‘&P u t‘P‘P =7^ 

Bern. 

h . *263*49 . Transp . D r : Hp . 2 . g ! d‘P - d'P, . 

[*260*27] 2 . g ! d‘P - P fn ‘#P. 

[*250*121] D. E i min/(d‘P-P fn ^P). 

[*263*51.*206*25.*211 *726] D . (ga;) . a?e d‘P. P fn ‘P f P u i‘P‘P=P^r: 

D I-. Prop 

*263*53. I-: Pefi infin - <». D . Nr‘P > *> 

Bern. 

*-. *253*13 . *263*52 . D f-: Hp. D . P £ (P f /P‘P v i‘P‘P) e D‘P S . 
[*263*5] D . g ! ® D‘P,. 

[*255*17.*263*18] 2 . Nr‘P > u : 2 h . Prop 

The above proposition shows that o> is the smallest of infinite ordinals. 
The same fact is otherwise expressed by the following proposition. 

*263*54. h : a e NO infin — t^ft), D . a •> &) [*263*53] 


*263 55. h : P e &). D. P s 

Bern. 


o + i .s‘Peft) + i 


h . *253*511. *263*44 .2 h : Hp . 2 . P, e a)+1 
h . *252*372 . *263*44 .2 h : Hp . 2 . s‘P e a> + i 
h . (1) . (2) . 2 h . Prop 


n 
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The following propositions are lemmas for proving ew >£ 2 r = eu (*263‘63). 
*263-6. I-:: P e Ser. y. M = P x (x J, y ). D PAf,®. = : 

(gw) . w e P'P .i2 = a;4,w.)S = i/4r w * v - (gw, v) • uP^v . R~y 4, w . S - x v 


Dem. 

h . *16C-111 .DH:.Hp.wPfl.P = #|w:S==tf|v.v.£=y,|,w:D. 
EM(f/iu).(yiv)MS. 

[*201-63.*204-55] ^.^(RM.S) (1) 

Similarly H Hp . uPv . R — y X u . S = y v . D . ro(RM l S) (2) 

h. *166-111. D 

1-: Hp. uPw. wPv ,R = ylu.S = xlv.O. RM (x J, w ). (x | w) MS . 
[*201'63.*204 r 55] D.r^(RM 1 S) (3) 

h /(l). (2). (3). Transp. *166-111.3 
h Hp. RM^ . 3 : (gw) .R = xlu.S = ylu.ue C‘P. v . 

(gw, v ) . uP-fl • P= y4,w.S=#4- v (4) 

b .*166111. D h : Hp .P = #,[w.$=y,[u. PAf (a? ! t?) . D . SM (#4, v) (5) 


h . *166-111. D b:. Hp .P = a?j,w.5=yj,?t. RM(yl v) . D: u = v . v. wPv: 
[*166-111] 3:y lv = S.v .SM(y lv) (6) 

b. *166111.3 

Y:Kp.R = yiu.S = xlv.uP 1 v.RM(ylw).D.SM(ylw) (7) 

b . *166*111 . D b Hp .P = y^w.^ = a;|,'f;. uPjV. RM(x j, w) . D : 

w4w = ^v.&Jf(#iwO (8) 

b.(5).(6).(7).(8).Db:.Hp: ueC'P .R = x \,u. S = y \,u .v. 

uPjV . R~y lu . S — x :D. RM 1 S (9) 

h . (4). (9) . D h . Prop 

*263 61. f-: PeSer . x^y . M— P x {x^y). D . d i M 1 = y ^“C'Pwa; ^“Q'Pj 
[*2636] 

*263*62. \-iPea).x^y.D.Px(x l y)ea> 

Dem. 

b . *263*61-43. D b : Hp . D . <3‘{P x (x i y)}, = y 4,“C‘P u x 4,“d‘P 


[*166111] =a‘[Px(®iy)j (1) 

I-.*251-55. Db:Hp .D.Px(®ly)efl (2) 

b.*16614. D f-: Hp. D . P x (# 4 . y) e— PA (3) 

b . *166-16 . *263 22 . D I-: Hp. D . P‘Cnv‘[P x (* 4, y)} = A (4) 

I-. (1). (2) . (3) . (4) . *263-44 .DhHp.D.Px(a:|j/)e(kjOf-. Prop 

*263 63. h . eu x 2 r = a) 

Dem. 

h. *263-62-17. Df-:Peo).Qe2 r .D. Nr‘(P x Q) = co (1) 

b . *184-13 . *26317 .Db:Pe<u.Qe2 r .D. Nr‘(P x© = (B x2 r (2) 
b. (1). (2). Df-:g!o).g!2 r .D.ct)X2 ) = a) (3) 

b. *184-11. D b :<u = A.D.a)X2 r = A (4) 
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b . *123-14 . *263101 .3b:g!«.3.3l2. 

[*262-21] 3 . a ! % (5) 

h.(3^. (4). (5). 3 b . Prop 

The following propositions are lemmas for proving *263'66. 

*263 64. 1-: P, Q e Ser . x e C‘P. zQ^w . M — P x Q . 3 . (z J, x) {w x) 

Bern. 

1-. *166111. 3 h: Hp. 3 . (z ±x) M(w j, x) (1) 

h . *166! 11. 3 b Hp , (z ^ x)M(u\ f y ). 3 :xPy . v ,x = y . zQu : 
[*204-7l] 3 : xPy .v ,x=y ,u = w .v .x — y . wQy : 

[*166-111] 3 : (w | x) M(u | y). v . (to x) = (u 4, y) (2) 

b.{2). *204-55.31-: Hp (2). 3 . - {(«| y) M {w i a--)} (3) 

K (1). (3). *201*63.3 K Prop 

*263-641. b : P,Q eSer. z= B‘Q = B‘Q. xP iy . M = P x Q .3 . 

(z\ f x)M,{w[y) 

Bern. 

b . *166-111.3 h : Hp .(z \x) M{w \,y) (1) 

b . *166111.3 b Hp. (z x) itf (u j, v ), 3 : xPv: 

[*204*71] 3 : v = y . v . yPv (2) 

b. (2). *166111.3 

b Hp . {z a;) M(u ,[ v) . 3 : u ^ v — w ^ y . v . (w | y) M (u v) : 
[*204*55] 3 : ~ {(« j, v) M{w | y)) (3) 

b . (1). (3). *201*63.3 h . Prop 

*263-642. b : P, Q e Ser. M= P x Q . 3 . (G‘P x d‘&) C WM , [*263 64] 

*263*643. b : P, Q e Ser. E ! JB‘Q . E ! B‘Q. M = P x Q. 3.COW, 
[*263-64] 

*263-65. b : Pe to . Qe D. fin - PA . 3 . P x Qe to 
Bern. 

K*251-55.3t-:Hp.3 .PxQefi (1) 

b . *166"14. 3 f : Hp .3.PxQe- PA (2) 

b . *263*642*643. *261'24.3 

b : Hp . 3 . ( C‘P x a*Q,) w (. B‘Q) j/'d'P, C d‘(P, x Q),. 

[*263-49] 3 . (C‘P x d‘Q) o (P‘Q) |“d‘P C d‘(P x Q),. 

[*166-12-16] 3. C‘(P x Q) - i?‘(P x Q) C d‘(P x Q),. 

[*93T01.*201*63] 3. d‘(P xQ) = d‘(P x Q), (3) 

f . *16616 .*263-22.3 ^ : Hp. 3 . lmiv‘(P xQ)=A (4) 

h . (1). (2) . (3). (4). *263-44.3 b . Prop 
*263*66. h : a e NO fin — t‘0 r . 3 . a> X a = a> [*263 65] 

The proof proceeds as in *263*63. 



*264 DERIVATIVES OF WELL-ORDERED SERIES. 

Summary of *264. 

The principal purpose of the present number is to show that every 
infinite well-ordered series is the sum of a series of progressions followed 
by a finite tag, which may be null. For this purpose, we proceed as follows: 
If x is any member of C*P, it must belong to the family, with respect 
to P a , of some member of G‘P — CPPj, unless x = B*P and B‘P ~e(I‘Pi. 
Assuming that we have either ~ E ! B‘P or B‘P e <PPi, and assuming 
further that P is an infinite well-ordered series other than a progression, 
it follows that every member of C‘P belongs to the family, with respect 
to Pj, of some member of G t V*P i because, by *216'611, C*V‘P= D^Pj — (PPj 
in the circumstances contemplated (*26415). Now P limited to any one 

family with respect to P, is a progression, unless that family includes B‘P ; 
hud if it includes B*P y it is finite. Hence our proposition follows. 

An important consequence of the above proposition is that every cardinal 
which is not inductive and is applicable to classes that can be well-ordered is 
a multiple of K 0 (*26448). 

For the purposes of this number we need a notation for the series of 
series each of which consists of the family of some member of 0‘V‘P. We 
therefore put 

^ P r = ^D ; W* ; V f P Dft [*264]. 

Here “ pr ” is intended to suggest “ progression.” When P e H infin — w, 
P pr is the series of progressions (possibly ending in a Unite tag) whose 
sum is P (or P£iPP, in one case). Before using this definition, some 
preliminary considerations are necessary. V‘P is the series of limit-points 
of P, including B*P. In order that V‘P may exist, there must be at 
least one limit-point besides B‘P. Now the limit-points of a series are 
C*P — (HP,, ie. the limit-points other than B‘P are <PP — (HP, (*216'21). 
Hence when B‘P exists and G‘P — CPP, exists, V‘P exists. Hence by 
*263-49, 

*26413. h Pell. D : a ! V‘P. — . Pefl infin - a, 
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I.e. a well-ordered series whose derivative exists is one which is infinite 
and not a progression. We have similarly 

*26414. b : P e H infin — w.D. C‘V*P = C*P - (HP* 
and 

*26412. b: p 6 n. d . a* v*p=d‘P - cfp, 

We next proceed (*264*2—*261) to study the posterity of a term x 
with respect to P lt i.e. the series P £ (P^ar. We show that if this series 
has a last term, it is finite (*264-21), and ends with B*P (*264 2), while 
if not, and if xeG t P 1> i.e . if x has either an immediate successor or an 
immediate predecessor, the series is a progression (*264'22). Hence we have 

*264 23. b P e O . x e (7‘V‘P n 0‘P ,. 3 : 

E! rnaxp^P,)**#. = . x - B* Cnv* V‘P. E ! B‘P 

Moreover, if xe (7‘P 1? the ancestry of x with respect to Pj must end with 
a member of the derivative' of P, i.e. 

*264*233. b : P e fl intin — to . x e C t P 1 . D . e C*V‘P 

We thus arrive at the result that if P has a last term, so has V‘P 
(*264*24), and if x is any membei of the derivative except the last, the 

series P£(Pi)#. 4 « is a progression (*264*25), while if x is the last term of 

<—— 

the derivative, and the series P has » last term, then P £ (P^x is finite 
(*264 252). Moreover the supposition that P ends with a member of the 
derivative is equivalent to the supposition that P ends with a term which 
has no immediate predecessor (*264*26). 

We now proceed (*264*3—-403) to consider the relation P pr defined 
above. If we take any term y in a well-ordered series, there is some term 
x belonging to C‘P — Q. t P 1 such that the family of y with respect to P x 
is the posterity of x. Tnis results from *264*233 above. Thus we may 
divide the field of P into mutually exclusive stretches, each of which is the 
posterity of some member of C7*P —(PPj with respect to P 1 . The series of 
series thus obtained is P pr . There is an exceptional case, when the series 
ends in a term having no immediate predecessor, for then the posterity of 
this term with respect to P 1 is null, and therefore A, omits this term. 
Otherwise, we shall have 2‘Pjx^P; i.e. we have 

*264*39. b : P e n infin - ©. ~ (B‘P e C‘V‘P ). D . S‘P pr = P 
*264*391. b : P 6 Q.. B‘P e C‘V‘P. D. 2‘P pr = P £ D‘P 
Moreover we have 

*264*36. b : P e fl. D. P pr smor V 4 P. P pr e Rel 3 excl 
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From what was proved earlier we know that, assuming Pefl, we have 
D‘P pr C» (*264*401); if P has no last term, C*P pt C<o] if P is infinite and 
has a last term, B l P pi is finite, and if the last term of P belongs to (7‘V‘P, 
B*P px = A. Hence, using *251*63, which assures us that, in virtue of 
*264*36 above, if C‘P px C co, %‘P px is a multiple of eo, we find (*264*44) that 
every well-ordered series has an ordinal number of the form (a X 4- j3, 
where a and ft may be any ordinals, including 0 r and i (putting i X« = a to 
avoid exceptional cases). The above account omits the exceptional cases, 
which require special treatment and render the proof long; hut in the end 
the above simple result is obtained. 

Since a multiple of K 0 is not increased by the addition of an inductive 
cardinal, it follows (*264*44) that the cardinal number of the field of an 
infinite well-ordered series is always a multiple of K 0 (*264*47). Hence 
if all classes can be well-ordered, all cardinals which are not inductive are 
multiples of X 0 . In virtue of Zermelo’s theorem, the same result follows if 
the multiplicative axiom is true. 

*264 01. P P r = Pt'’(P 1 h’V‘P Dft [*264] 

*26411. h P e H . D : a ! sgm‘P .H.Pefl infin 
D&m. 

h. *263*51. D h : P e fi infin . D . g ! sgm‘P ( 1 ) 

y- . *212*152 . *211*41 . D 1 -: P e n . 3 ! sgm ‘P . D . g ! sect'P - i‘A - CPmax P . 
[*261*28.Transp] D. P e fi infin ( 2 ) 

h . ( 1 ) . ( 2 ). D h . Prop 

*264*12. h : P e H . D . <PV‘P = (HP - CPP, 

Dem. 

h . *216*61. D (-: Hp. g ! P. D . (PV‘P = (PP - (PP, ( 1 ) 

h . *216*612 . *33*241. D 1-: P = A . D . (PV‘P = A . (PP - (PP, = A (2) 
h . (1). ( 2 ) . D (-. Prop 

*264*13. h :. Pe H . Z> : g ! V‘P . = . P e H infin - « 

Dem. 

I-. *264*12 . D h Hp . D : g ! V‘P. = . g ! (PP - (PP,. 

[*263*49] = . P e H infin — a>: D I-. Prop 

*264*14. h:PeH infin-©.D.OTCP^P-CPP, [*264*13. *216*£11] 

*264*16. 1-P e fl infin - « : ^ E ! B‘P . v . B*P e CPP,: D . C"V‘P = IPP, 

Dem. 

h . *26414. *93*103.3 1-: Hp . ~ E ! B‘P. J.O‘V t P=C t P-(l i P x .C‘P-=T> t P. 
[*93*101.*250*21] 3.C‘V‘P=B‘P 1 ( 1 ) 
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b . *93101. D b : P‘P e d ‘P x . D . C l P — (1‘P, C D‘P (2) 

b . (2). *264*14. D b : Hp . B‘P e d'A. D . C‘V ‘P = D‘P - (1‘A 
[*93101.*250'21] ^iPP, ( 3 ) 

b . (1). (3). D b . Prop 


*264 2. b : P e fi . E ! maxp^Pj)*** ■ 3 • maxp^Ay# = B‘P 

Deni . 

b . *206”42 46 . D b : Hp . D . seqp^Pj^a: = Pj'maxp^Pjya; . 
[*90-16] D . s^qp'CPi)*^ C (P,ya?. 

[*206'2] D . seqp^Pj)^^ = A . 

[*250126] D . maxp'^yaj = P‘P : D b . Prop 


*264 21. b : P e n . E ! maxp‘(Ay#. D . 

P t ft** e d fin . P (* h P‘P) e Cls induct 

Dem. 

b . *200-35 . D b : Hp. (Ay®= i‘«. D . P fc (Ay# = A (1) 

b . *260 2 7 . D b : Hp . (P^*# =(= Pas . D . #P fn maxp*(Pj)^‘a;. 

[*260*11] D . P [#h-i maxp‘(P,y#} e Cls induct. (2) 

[*205'2] D. G*P £ (P,y# e Cls induct (3) 

b . (1). (2). (3). *264-2. D b . Prop 


*264*22. h : P e d . ~ E ! maxp'^Ay #. x e 0‘Pt. D . P £ (P!y # e &> 

Dem. 

b . *260 32-34-27 . D b : Hp . D . {P £ CP0*‘4 = {(A)*‘4 1 p i ■ (1) 

[*122-52] D.{Pt (P0*^}i e Prog (2) 

b . (1) • *260-33 . D b : Hp . D . [{P C (P,V^Klro = P C (PiV* (3) 
b.(2).(3).*263-1. Db. Prop 

*264-221. hPfd.a: ( V‘P) y . D . P (x - y) ~ e Cls induct 
Dem. 

b . *207-34. *216-6 . D b : Hp . D . aP»y. y = lt P ‘P‘y. 

[*207-25] D . #P*y . y = ltp‘(P‘tt n P‘y) . 

[*207-13] 3 . #P 2 y. ~ E ! ma x P ‘(P ( x n P‘y). 

[*261-26] D . P‘# n P‘y ~ e Cls induct: D b . Prop 


*264222. b : P e d . P‘# e Cls induct. D.x~e D‘V‘P [*264-221. Transp] 
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[PART V 


#264 223. I-: P e O . P (x — y) ~ e Cls induct. 3 . g ! CPV # P n P (x —i y) 

Bern. 

I-. #261’3 . 3 h : Hp . 3 . (ga) . a C P {x - y') . g ! a. ~ E! max P ‘a. 
[#250122] 3 . (ga) ,aCP(#-;y).g!a.E! ltp‘a. 

[*206 213] 3 . (ga) . a C P (x - y) . g ! a. lt P ‘a e P (x -h y ). 

[*206181] 3.g!D‘ltpn(I‘PnPO^). 

[*216602] 3. g! (I^'P ftP(aiHy):DK Prop 

*264224. I -:Pe£l.x= B* Cnv‘V‘P. E! B‘P. 3. %x e Cls induct 
Dein. 

I-. *264 223 . Transp . 3 h : Hp . 3 . P (# — B‘P ) e Cls induct: 3 h . Prop 

*264-225. h.Pefl.ae C‘Pj. 3 : E ! maxp^Pi)**# . = . (Pi)*‘# e Cls induct 
[*264-21-22] 

*264-23. h.P6n.^C‘V‘Pn6‘P 1 .D: 

E! maxp^Pi)*'#. = . x = .B‘Cnv‘V‘P. E! B‘P 

Dem. 

h . *264-2 . 3 h: Hp . E ! ma.x P i (Pj)^ t x . 3 . E ! B‘P (1) 

h . *264-21-222 . 3 I-: Hp (1). 3 .x ~ e D‘V‘P. 

[*93-103] 3. a = P‘Cn v‘V‘P (2) 

h . *264-224. 3 1-: Hp . x = B‘Cn.v‘V*P . E ! P‘P . 3 . P‘x e Cls induct. 
[#120-481-251] 3 . (P^^eCls induct. 

[*90-12.Hp.*261-26] 3. E! max/(P^/» (3) 

I-. (1) . (2) . (3). 3 h . Prop 

*264-231. I -:PeQ..xe C‘V‘P - C'P,. 3 . x = B‘ Cnv‘V‘P = P‘P 
Dem. 

h . *250-21. 3 h: Hp . 3 . x ~ eD‘P . 


[*93-103] 

3 .<r=P‘P. 

(1) 

[*2166] 

3.«~eD‘V‘P. 


[*93103] 

D.x=B‘Cnv‘V‘P 

(2) 


h . (1). (2). 3 h . Prop 

*264 232. b:.PeQ.#eC K V‘P.3: 

(Pi)%x e Cls induct , = .x — 13‘Cnv‘V‘P. E ! B‘P 
This proposition differs from *264‘23 by not assuming that x e C l P x . 
If B i P has no immediate predecessor, B i P e C‘V*P — G t P ly so that B l P 
satisfies the hypothesis of *264"232, but not that of *264*23. 
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b . *90-13. 3 b : Hp. (A)*‘a- = A . 3. C'P,. 

[*264-231] 3-#-B‘Cnv‘V‘P.E!B‘P ( 1 ) 

b . *120-212 . 3 H: Hp(l). 3 . (P^xe CIs induct. (2) 

h . *264 225 . 3 

I-Hp . g ! (P^x . 3 : (Pi)%‘x e CIs induct. = . E ! maxp^^*'#. 

[*264*23] = . x = B‘Cnv‘V‘P . E ! B‘P (3) 

K (1).(2). (3). 3 K Prop 

*264*233. hPefi infin — to . x e P‘Pi. 3 . minp^P,)^# e C*V*P 
Dem, 

I-. *250-121 . 3 b : Hp . 3 . E ! minp^Pi^a; (1) 

I-. *90-172 . 3 I-: Hp . y (A)*® . sP x y . 3 . z e(A )£‘xn P‘y . 

[*205-14] _ 3.y + minp‘(PiV,s (2) 

b . (2). Transp . 3 b : Hp . y = minp‘(P,)*‘a: . 3 . y ~ e Q^A . 

[*264-14] 3 .^eC‘V‘P (3) 

K (1) . (3) . 3 h . Prop 

*264-24. b-.Pett infin. E ! B‘P. 3. E! B‘Cnv‘V‘P 
Dem. 

t-. *26412.3 I-: Hp. B‘P~e C‘P 1 .3 .B‘Pe C‘V‘P . 

[*216 6] 3. B‘P — P‘Cnv‘V‘P (1) 

h . *264 233 . *263-22.3 I-: Hp . B‘P e C‘P,. 3 . minp‘(Ay B‘P e G v V‘P (2) 
I-. *205 55.3 I-: Hp (2) . a? = minp‘(AV B‘P ■ ^ • B‘P = max P ‘(Ay&-. 

[*264 23.(2)] 3. * = B‘Cnv‘V‘P (3) 

b . (1) . (3) . 3 h . Prop 

*26426. l-:Pen.a;eD‘V‘P.3.P£ ( PJ*‘x e to 
Dem. 

h . *264 232 . *250‘21.3 f-: Hp . 3 . (P 1 ) # t a;~ € CIs induct. x e D‘Pj. 
[*264-225] 3 . ~ E ! max P ‘( A)*‘® ■ * e D‘A ■ 

[*264-22] 3 .PI (A h‘ x e to :Db. Prop 


*264251. hPeO.-EI^P.^eCV'P.D.PtCA^eft) 
Dem. 

K *250-21.3 I- :Hp. D.®eD‘A. 

[*264 23.Hp] 3 . ~ E ! max P i (P i )^ t x. x e D‘Pj. 

[*264-22] 3 . P £ CP^*^ e « : 3 I-. Prop 

R. & Yf. III. 
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[part V 


*264 252. hPeH.E! B*P . x = B‘Cnv‘V‘P. D . P £ (P,)*^' e XI fin 
Dem. 

b . *264-23 .D b: Hp e C‘P ,. D . E ! maxp^P^*^ • 
[*264*21] D . P £ (P,)**® e XI fin 

I-. *9014. G I P 1 . D . P £ {P^x= A 

b . (1) . (2). D b . Prop 

*264 26. I-P e XI. 3 : P‘P e (7‘V‘P . - . E ! P‘P . P‘P~ e CPP, 


h. *14-21. :>b:P‘PeC'‘V‘P.D.E!5‘P 
b . *26412 . D I-: Hp . B‘JP 6 (7‘V‘P . D . P‘P~ e (1‘P, 
b. *26412 . D b : Hp . P‘P~e (1‘P,. D . P‘Pe C‘V‘P 
I-. (1) . (2). (3) . D b . Prop 

*264 261. I- P e XI. D : ~ (B ( P e G ( V‘P) . = . C"P = 0‘P, 

Dem. 


b . *264-26 . D I-:: Hp . D ~ (5‘P e (7‘V‘P) . = : ~ E ! B‘P . v . B‘P e CPP, : 

[*202-52] s^'PCa'P,: 

[*250-21] =:0‘PC (7‘P,: 

[*121-322] =: C‘P = (7‘P,:: D b . Prop 

*264-3. b : QP vr R . = . ( a *, y) . * (V‘P) y. Q = P £ fcy *. P = P D (P>‘y 
[(*264-01)] 

*264 31. h.Pe Ser . D : QP vr R . = . 

(^, S /).a ;) y e ^P-^P 1 .a : P^.Q = Pt(^^.P = PDCP0i f 2/ 

[*207-35. *264-3. *216-6] 

*264-32. I-. C"P pr = P £ “(P^“(7*V‘P [*150*22 . (*264-01)] 

*264-321. b : P e Ser . a e G‘ V‘P . D . (*P^~ « 1 
Dem. 

I-. *216-611. D b : Hp . D . x e G { P - C l‘P 1 (1) 

b . *90-14. Db:«~e C‘P 1 . D. (P^x = A (2) 

b . *121*305 . D b : Hp . * e D f A . D . g ! (P,)*‘fl? - . 

[*9012] D. (P 1 )*Ce~ e 1 (3) 

b . (1) . (2) . (3) . D b . Prop 

*264 33. b : P 6 Ser . D . G“C‘P pr = V‘P 

[*264-321. *202-55 . *264-32] 
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D.1J = B‘P 
E G t P l .3.x = y 


( 1 ) 

( 2 ) 

(3) 

(4) 

( 5 ) 


*264-34. h : P e H . a, y e C‘P . P £ (P,)*^ = P £ (P0*‘y. D .x — y 
Bern. 

I-. *264 321. *202-55. 3 I-: Hp . 3 . (P,)* 4 * = (P^‘y 
h . (1). *90-12 . 3 I-: Hp . w e C'P, . 3 . * (P^y. y (P^x 

[*260-22.*91-541] 3 ,x = y 

I-. *250-21. , 3 I-: Hp .« ~ e C‘P , .3 .x = B t P 

t-. (1). *9012-14.3 h : Hp . x ~ e t/'P,. 3 . y ~ e C'P, . 

[*250-21] 

(-.(3). (4). 3 h : Hp . a; <- 

h . (2) . (5). 3 h . Prop 

*264*341. I-: P e Ser. x, y e C‘V‘P . x(P^y . 3 . x = y 
Dem. 

I-. *216-611.3 h : Hp. 3 . e <1^ . 

[*91-504] 3 . ~ {a>(Pi)po2/} • 

[*9154] 3 . x = y : 3 I-. Prop 

*264-36. I-: P e Ser .x,ye C‘V‘P . g! (P^ « (Pih‘y .3 .x = y 
Dem. 

I-. *96-302.3 (-Hp . 3 : x (P^y .v.y (P,)#*: 

[*264 341] 3 : x = y :. 3 I-. Prop 

*264-36. (- : P e H . 3 . P pr smor V‘P . P pr e KeP excl [*264-34-35] 

The following propositions lead up to *264"39 - 391. 

*26437. hPell infin - a,. 3 . WP pr = P fn 
Dem. 

I-. *264-32.3 h Hp.3 : x(PC‘P pt ) y. = . (ga). ,x,y ^{P^a.xPy . 

[*260-32’27] s . (ga) . a e C <J V‘P . x, y e{P 1 )^. i a . xP {n y . 

[*264-233-35] s . (ga). a = mmp^P^x = rninp^Pd**# ■ x ^inV • 

[*13-195] = . minp^P^^ = min/^)*^ . xP tn y (1) 

h . *260-27.3 h : Hp . xP in y . 3 . (P^^P^^._ 

[*205'5] 3. minp < (P 1 ) # 4 a? = minp*(P 1 )j| t 4 y (2) 

K (1). (2). 3 I-Hp. 3 : * (PC‘P pr ) y . = . xP tn y 3 K Prop 

*264-371. hPe Ser. a (V‘P) 6.3 . £Pi)*‘a C 7"6 
Dem. 

h. *216*6. 3 I-: Hp . 3 . a e P‘b 
h . *20471.3 h : Hp . xPb . xP^y . ~ ( yPb ) .3 . y~b . 

[*3314] 3.6 e CPP, 

b.(2). Transp . *216'6li .31-:. Hp . 3 : xPb . xP^y . 3 . yPb 
I-. (1) . (3) . *90112.31-:. Hp . 3 : a(P 1 )^x . 3 . xPb :. 3 b. Prop 


( 1 ) 

( 2 ) 

(3) 
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[part V 


*264 372. H : P e Ser O . P5P pr G P - P fr 
Bern. 

H . *264-3-321. *202-55 . D 

H : ■ Hp. D : * (PJP pr ) * . = . (aa, 6). a (V‘P) 5 . * e (Pfo*a . y e (P^‘6. (1) 

[*264-371] l.xPy (2) 

I- . *264-35 . D H : Hp . a ( V‘P) 6 . $ e (P^'a . y e (Pi)*‘b . D . y ~ e (PiV« • 
[*9017] D.2,~eCP0*‘tf. 

[*260-27] ?.~(xP tn y) (3) 

H.(1). (2) . (3) O H : Hp O . PiP pr GP-P,„ OK Prop 

*264-373. hPeO.~ (P‘P e (P V'P) O. P-P fn G 


K *264-261-233. *263-49 0 

H : Hp. x(P^-P ta ) y O . minp^A)* ^ minp‘(K)*‘y € V‘P (11 

H . *96*301 OH:. Hp. minp^Pjjit^ = minp^P!)**^ O: x (Pi)*y. v . y(P 1 )^.x : 
[*260-27] D:x = y.v . a?P fn y . v . ^P fn a? (2) 

H . (2). Tfansp. 3 H : Hp(l). D . minp^Pj)^#^ minp^PO^ (3) 

H . (1). *264*371 OH: Hp. minp^P,)**?/ P minp'(P 1 )**a;. D . yPx (4) 

H . (4). Transp. D H : Hp (1) O . ~ [mmp'iP^'y P min/CP^} (5) 

H . (3) . (5) O H : Hp (1)0. minp^Pi)^# P minp^P,)*^ (6) 

H.(l).(6)OH:Hp(l)0.(ao, b) . a (V‘P) b.xe {P^a . y e(P^‘6 ■ 
L*264*3-321.*202-55] D . # (P?P pr ) y O H . Prop 

*264 38. H:P e O.<v (P‘P e C‘ V‘P) O . P5P pr = Pi P fn [*264-372-373] 

*264 381. H : P e H . B‘P e C‘V‘P O . P?P pr = Pp D‘P ^P fn 
Dem. 

H . *264*33 O H : Hp O. s‘CWP pr C GPP, . 

[*264-26.*42-2] D.B‘P~€ C‘F‘>P pi . 

[*264-372] D.P;P pr GPt:l>‘P^P fn (1) 

H . *250-21 OH: Hp . #(P£ D‘P-P fn ) y. D . x, y e CPP,. 
[*264-233.*263'49] D . minp^Pj)^, minp^P,)*^ e (P V*P (2) 

Thence as in the proof of *264 373, 

H : Hp.« (Pt D‘P-=-P fn ) y O .«(P5P pr ) y (3) 

H . (1) . (3) O H . Prop 
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*264-39. infin - a>. ~ (B‘P e V‘P) . D . 2‘P pr = P 

[*264-37-38 . *260-12 . *1621] 

*264 391. b : P e fl. B ( P e C‘ V‘P. D . S‘P pr = P t D‘P 
Dem. 

b .*264-13 . D I-: Up. D . P e fl infin - a> (1) 

I-. *260-27 . D1-: Hp. D. P tB = P, n p C‘P, 

1*264-26] -PrnDD'P (2) 

I-. (1). (2). *264-37 . *260-12. D h : Hp . Z> . i‘0‘P pr - P, n . P fn G P £ D‘P (3) 
I-. (3). *264-381. D b. Prop 

*264 4. b : P e H ~ E ! B‘P . D . C“P pr C a> [*264'251'32] 

*264-401. b:Pefl.D.D‘P pr Ca> 

Dem. 

b . *151-5. *264*34. D b : Hp. D . D‘P pr = P £“(P^*“D‘V‘P (1) 

b . (1). *264-25. D b . Prop 

*264-402. b : P e n infin . E! B ( P . D . P‘P pr e H fin 
Dem. 

b . *264-24. j b : Hp . D . E1 P‘Cnv‘V‘P. 

[*151'5.*26434] D. P‘P pr = P£ (P^'P'Cnv'V'P . 

[*264-252] D. P‘P pr efl fin : D b . Prop 

*264-403. b: Pf ft. B ( P e G t V , P . D. P*P pr = A 
Dem. 

b . *264-26 231. Z> b : Hp . D . B‘P ~ e C ( P ,. P‘P = P‘Cnv‘V‘P. 
[*9014] ■>. (P^^‘Cnv'V'P = A. 

[*151-5.*264-34] D . P‘P pr = A : Z> b . Prop 

The following propositions deal with the various different cases that arise. 
Their net result is expressed in *264'44. 

*264-41. b : P c fl infin - o>. ~ E lB‘P.D. N r‘P = Nr'V‘P x *> 

Dem. 

b . *264-36-4. D b : Hp . D . P pr e Rel* excl n Nr‘<7'P . 0'P pr C e» . 
[*251-63] D.^P pr eNr‘VTXft). 

[*264 39] 3 . P e Nr‘ V ‘P x a,: 3 b . Prop 
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[part V 


I-: P e n . B‘JP ~ e G‘V‘P . V‘P e 2 r . D . Nr‘P - a + ^r‘P‘P pr 

I-. *264 36 . D h : tip. D . P pr = (P‘P pr ) J, ( B‘P pi ). 

[*1 62\3.*264 3913] D . P = P‘P pr :£P‘P pr . 

[*264-36-401] D . Nr'P = a> 4- P r P pr OK Prop 

*264421. I-: P e H . B‘P e 0‘V‘P . V‘P e 2 r . D . Nr'P = « + i 
Dem. 

h . *264-36 . D : Hp. D . P pr = (P‘P pr ) | (P‘P pr ). 
[*162-3.*264-391-i3] D. Pp D‘P = P‘P pr £P‘P pr 
[*264-403.*160-21] = P‘P pr . 

[*264-401] D.PpD'Pew. 

[*204-461] D.Peta-i-i:Dh. Prop 

*264*422. h : P e H infin — o>. B‘P ~ e C‘ V‘P . V*P ~ e 2 r . D . 

Nr‘P = {Nr‘(V‘P)£ (D‘V‘P) * a>] + Nr‘P‘P pr 

Dem. 

1-. *264-36 . *204-272 . D h : Hp. D . D‘P pr ~ e 1 . 

[*204’461.*264-24*36] D . P pr = P pr p D‘P pr +> P‘P pr . 

[*162-43.*264-39] D. P = 2‘(P pr p D‘P pr ) $B‘P 9T (1) 

h .*264 36-401 .*251*63 .D 

h : Hp. D . Nr‘2‘(P pr p D‘P pr ) = Nr‘(V‘P)p (D‘V‘P) * a> (2) 

h . (1). (2). *264-36 . D K Prop 

*264423. h:PeH. B‘P e C‘V‘P . V‘P~ e % . D . 

Nr'P= {NP(V'P)t(D'V‘P)^o)] + i 

Dem. 

As in *264-422, 

h : Hp . D . P pr = P pr p D‘P pr +► fl‘P pr . 

[*162 43.*264-391] D . Pp D‘P = 2‘(P pr p D‘P pr ):fiP‘P pr 
[*264*403] ^‘(P^pD'P,,,) (1) 

I-. *264-36-401 . *251-63.3 

I-: Hp. D . Nr‘£‘(P pr p D‘P pr ) = Nr‘(V‘P)p (D< V'P) x o> (2) 

h . *204-461. D h : Hp . D . Nr‘P = Nr‘(P£ D‘P) +1 (3) 

I - . (1) . (2). (3) . D h . Prop 


*264*42. 

Dem. 
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*264429. ix«=a Df 

This definition is merely intended to enable us to include i with ordinals 
in general formulae. 

*264-44. h:Pen.D.(ga,/3).aeN0 u i‘i.#eNO finut‘1. Nr‘P=(o x &>) + £ 
Dem. 

h . *160-22 . *166-13 . D h : P e fi fin . D . Nr‘P = (0 r X a>) + Nr‘P (1) 

I-. *160-21. D h : P= a?. D . Nr‘P = (i X ft>) + 0 r (2) 

1-. *264-41. *160 21. D 

h : P e fi infin — to . ~ E ! B‘P . D . (got). a e NO . Nr‘P = (a X ta) + 0 r (3) 

h . *264-42-402. D 

f-:P e n.P t P~ e ^V f P.V f Pe2 r .D.(a/S)./3eNOfin.NPP=(iXft)) + /3 (4) 
h.*264-421. Dh:Pefi.P i Pe(7 f V f P.V f P e 2 r .D.NPP=(iXft))-i-i (5) 
h. *264-422-402. Dh-.Pefi infin- to. P‘P~e C‘V‘P. V'P~ e 2 r . D. 

(ga,yg). «f NO .& e NO fin . Nr*P = (a* a>) + fi (6) 
h . *264-423 . D I-: P e fi . B*Pe C‘V<P . V‘P~ e %.. D . 

( a a).aeNO.NPP=(«XG>)+i (7) 
h.(l).(2).(3).(4).(5).(6).(7).Dh.Prop 

The following propositions apply the above results to the cardinal number 
of the field of a well-ordered series. 

*26445. h:Pefl. V‘P e 2 r . D . Nc‘C?‘P = N 0 
Dem. 

h . *264-42-402 . *180 71. *152 7 . D 

h : Hp . P‘P ~ e <7‘ V‘P. D . (%fi) .fie NC induct. Nc‘0‘P = C“t* + 0 fi . 
[*263101 .*123-41] D. Nc‘(7‘P = N„ (1) 

h . *264-421. *181-62 . D h : Hp. B ( P e C* V‘P. D . Nc‘P‘P = C“<» + c 1 
[*263101.*123-4] = Ko (2) 

I". (1) . (2). D h . Prop 

*264451. h : P e fi infin -w.^Bl B ( P. D . Nc‘C"P = Nc <C‘V‘P x c N 0 
Dem. 

h . *264-41. *184-5 . D h : Hp. D . Nc‘C"P - Nc‘C‘V‘P x c P“ft> 

[*263101] = Nc'P'V'P x 0 N,:DK Prop 

*264-452. h : Pefi infin - ft>. V‘P ~ e 2 r . P‘P ~ e C* V‘P . D . 

Nc‘t7‘P = Nc‘D*V‘P x c No 

Dem. 

1-. *264-422 . *184-5 . *18071. D 

I-: Hp. 3 . (a/i) . fi e NC induct. Nc‘C‘P = (Nc'D'V'P x c N 0 ) + 0 fi 


(1) 
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[PART V 


1-. *123 43. *117-62 . 3 h : Hp. fi € NC induct. 3 . fi < Nc‘TV V‘P x 0 N 0 . 
[*117-561] D . (Nc'D'V'P x. K 0 )+ o /i < (Nc r D‘V r P x c K.) + 0 (Nc‘D‘V‘P x c K.) 
[*123-421. *113-43] <NcWPx 0 N, (2) 

h . (1). (2). *117-6 25.3 h : Hp. 3 . N c‘C‘P = Nc‘D‘V‘P x c N 0 : 31-. Pror 

*264-453. H P e fl infin - a>. E! B‘P . V‘P~e 2 r . 3. Nc‘C"P = Nc'D'V'P x c N 0 
Dmt. 

As in *264-452, 

h . *264-423 . 3 h : Hp . B‘P e 0‘ V‘P. 3 . Nc‘C*P = Nc‘D‘V'P x 0 K 0 (1) 
f-. (1). *264 452 .3b. Prop 

*264-46. b : P e ft infin - « . 3 . Nc ( C‘P = Nc‘C‘V‘P x 0 N 0 
Bern. 

1-. *123-421 . *264-45 . 3 b : Hp . V‘P «? 2 r . 3 . Nc‘0‘P = inc <C‘ V‘P x c K 0 (1) 
b . *264-453 . 3 

l-:Hp.E!P i P.V f P~ € 2 r .Nc r ^V i P = /i+o l.D.NcW = /iX c N 0 
[*123*421 .*113-43] = 0* x 0 K) +„ (ji x c K.) (2) 

I-. *117-571-6.3 

h : Hp. 3. ^ x 0 N 0 < (/* + c 1) x„ K 0 . (fi + 0 1jj< 0 N 0 < (fi x c tt 0 ) + 0 (ji x 0 K„) (3) 
I- .(2). (3). 3 b : Hp . 3 . Nc‘6 ,r P = ( /i + e 1) x 0 N 0 

[Hp] =Nc‘0‘V‘Px c K o (4) 

b.(1). (4) . *264 451.3b. Prop 

*264-47. b : P e O infin . 3 . (g/x) . fi e NC — t‘0 . Nc*C t P = /u. x 0 K 0 [*264’46] 
*264-48. I-: a e C“ll - Cls induct. 3 . Nc‘a e D‘(x c N 0 ) [*264*47] 



*265. THE SERIES OF ALEPHS. 

Summary of *265. 

In the present number, we shall confine ourselves to the most elementary 
properties of the ordinals and cardinals considered. The most important 
propositions to be proved are the existence-theorems. These all depend 
upon the axiom of infinity; moreover, as the numbers concerned grow 
greater, the existence-theorems require continually higher types. 

In virtue of the definition in *262, (K 0 ) r is the class of well-ordered series 
whose fields have terms. This is not an ordinal number, but the logical 
sum of a certain class of ordinal numbers, namely of Nr“(K 0 ),.. 

o>i is the smallest ordinal whose field has more than N 0 terms. We do 
not, however, take this as the definition of w,: we define a>, as the class of 
relations P such that the relations less than P (in the sense of *254) are 
those well-ordered series which are finite or have terms in their fields, i.e. 

« 1 = P{le^s i P = (K 0 ) r unfin} Df. 

By *254401 it follows immediately that if Pea,, P is a well-ordered 
series and eo, is its ordinal number (*265T1). Hence is an ordinal number 
(*265T2). though we need the axiom of infinity to show that exists. 

Assuming the axiom of infinity, the existence-theorem for is derived 
from the series of ordinals which are finite or belong to series of K n terms 
For notational convenience, we temporarily define this series as N; thus 
N = «)t {NO fin w Nr“(K 0 ) r } [*265]. 

It is also convenient temporarily to write M for “ <• ”: thus 
itf -• < Dft [*265], 

It is easy to prove that if K 0 exists, N is ai, &>, (*265'25). Hence we 
obtain the existence-theorem for <»i in either of the forms-. 

*265 27. h : g ! N„ t‘a . D . g ! n 
*265 28. h : Infin ax (x ). D . g I ot 1 n t^t^x 

It is easy to prove that o>i is greater than the ordinal number of any 
series of K 0 terms (*265 - 3), and that if exists, 

M‘(Oi = NO fin v Nr“(K 0 ) r (*265 35), 

t.e. the ordinals less thar a>! are those that apply to series of terms or of 
a finite number of terms. 


12 
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We define Xj as i.e. as the class of those classes which can be 

arranged in a series whose ordinal number is e^. It follows from *152 71 
that so defined is a cardinal number (*26533), and that if exists, 

> K (*265-34). 

In a precisely analogous fashion we can put 

&) 2 = P{Iess‘P = (Kj) r (l*,,),. u fi fin} Df, 

N 2 = <7“ft> 2 Df. 

Theorems similar to those mentioned above can be proved for <u 2 and t< 2 
by similar methods. We can proceed to a>„ and where v is any ordinal 
number. But our methods of proving existence-theorems fail if v is not 
finite, since at each stage the existence-theorem is proved in a higher type 
and we know of no meaning that can be assigned to types whose order 
is not finite. 

It is easy to prove that the sum of two ordinals which are less than o>i is 
less that) coj. Much of the accepted theory of (K 0 ) r and m, depends upon the 
proposition that the limit of any progression of ordinals less than tuj is less 
than o>i, so that in the series N, every progression has a limit within the series. 
This proposition—or at any rate the current proof of it—depends upon the 
multiplicative axiom. The proof, in outline, is as follows: 

It is easy to prove that an ordinal which has N 0 predecessors must be 
a member of Nr“(N 0 ) r , i.e. must be, in Cantor’s language, an ordinal of the 
second class. Now consider any progression P contained in N, i.e. consider 
a series a 1 , a 2I ... a„,... of increasing ordinals of the second class. The interval 
between any two consecutive terms of this series is either finite or has 
terms. Hence W“0‘P, i.e. the class of ordinals preceding the limit of our 
series, is the sum of K 0 classes each of which is finite or has N 0 terms. It is 
then argued that, because K 0 x 0 K 0 = K 0 , the whole class N“C‘P must consist 
of K terms. This conclusion, however, except in special cases, requires the 
multiplicative axiom, since it depends upon *113-32, i.e. 

h Mult ax . D : fi, v e NC . k ev r\ Cl.exciV . D . s‘k e /a x„ v. 

It follows that, unless for those who regard the multiplicative axiom as 
certain, it cannot be regarded as proved that a> x is not the limit of a pro¬ 
gression of smaller ordinals. With this, much of the recognized theory of 
ordinals of the second class becomes doubtful. For example, Cantor pro¬ 
ceeds to define a host of ordinals of the second class as the limits of given 
series of such ordinals. It is probable that, in regard to all the ordinals which 
he has defined in this way, a proof that they belong to the second class can 
be found, by actually arranging the finite integers in a series of the specified 
type. But the mere fact that they are limits of progressions of numbers of 
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the second class does not, of itself, suffice to prove that they are of the second 
class. 

As another example we may mention the very interesting work of 
Hausdorff*, much of which is based upon the proposition that a term which 
is the limit of an <Oi chosen out of a given series cannot he the limit of an 
g) chosen out of the same series. This proposition is a consequence of the 
proposition that is not the limit of a progression of smaller ordinals, and 
must therefore be regarded as doubtful. Hausdorff constructs by means of 
it many remarkable series, for example, compact series in which no pro¬ 
gression or regression has a limit. The existence of such series appears, 
however, to be open to question, unless the multiplicative axiom is assumed. 

It is not improbable that a proof, independent of the multiplicative axiom, 
can be found for the proposition that ajj is not the limit of a progression; but 
until such a proof is forthcoming, the proposition cannot be regarded as 


certain. 



*26501. 

&>! = P {less r P = (Jf 0 ) r v O, fin} 

Df 

*26502. 

N, - C“a>, 

Df 

*26503. 

a> 2 = P {less'P = (tt^r u (fi^ 0 ) r v flfin} 

Df 

*26504. 

etc. 


Df 

*26505. 

V 

II 

Dft [*265] 

This definition is revived from *256. 


*26506. 

N = M £»{NO fin u Nr“(K 0 )r} 

Dft [*265] 


The existence-theorem for a >i is derived from JV, siuce, if exists, N e o>i. 
*2651. h Pe <*>,. = : Q less P . = Q . Q e fi . &Q e Cls induct u K 
[(*26501)] 

*26511. hzPe^.D.w^Nr^.Pffl 
Dem . 

I-. *2651. D 1-: Hp. D. A less P . 

[*2541] D.Pefi (1) 

h . *254’401 . (1) . (*265‘01) . D h : Hp . Q e . D . Q smor P (2) 

1-. *254 401 . (1). (*265-01) . D h : Hp . Q smor P . D . 1 ess'Q = (N # ) r u O fin . 
[(*265*01)] D ■ Q e eoj (3) 

h . (1) . (2) . (3) . D I-. Prop 

* Untersuchungen uber Ordnungstypen. Berichte der mathematiscb-physiachen Klasse dei 
Koniglich Sachsischen Gesellscbaft der Wiaaenschaften zu Leipzig, Feb. 1906 and Feb. 1907. 
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*26512. h . g>! e NO [*265-11. *256-64] 

*26513. h:aeNOinfin.D.il/tM‘aea 

Dem. 

h . *250-202 .DhPefl infin . D . Nr <M £ (APNPP) = Nr‘(P £ CPP) 
[*262112] = Nr‘P (1) 

b. vl). *26211 .Db. Prop 

*265 2. b . Q.‘N = NO fin — i‘Q r w Nr“(N 0 ) r = A^‘0 r [*255 51] 

*265-21. b : g ! N 0 . oeNO fin u Nr“(N„) r . D. 

M £ M ( a less N . aM (Nr‘N) . a C l^s'N- 

Dem. 

b . *253-13 . *265-2 .DhHp.aeNOfinu Nr“(N 0 ) r . D . M £ APa e D‘N S . 
[*254-182] 0 .Ml ~M‘a less N (1) 

b . (1). *265-13. D b : Hp. ae Nr“(N 0 ),.. D. aM (Nr'AT) (2) 

b . (2). *263 31 101 . D b : Hp . a <r NO fin . . aMco . <oM (Nr‘N). 

[*256-1] D.ailf(Nr‘N) (3) 

b . (2). (3) . b : Hp . a e NO fin u Nr“(N # ),. .3 .aM (Nr‘N) . (4) 

[*255-17] D.aCh5s‘A T (5) 

b . (1) . (4) . (5) . D b . Prop 

*265-22. b : g ! N*. D . fz fin u (N 0 ) r C 1 ms ‘N [*265-21] 

*265'23. b : PeD% . D . (go). «eNO fin u Nr“(N 0 ) r .P=AfkAPa.Nr‘P = ci 
[*265-2 . *253-13 . *265-13 . *262‘7 . *120129] 

*265-24. b : P e T>‘N S .D.Peflfiuu (N 0 ), [*265 23] * 

*265 25. b : g ! N 0 . D . AT e oh 

Dem. 

b . *254-41 12 . D b : Pless N. D . (gQ) ■ Q e D‘Ns. P snior Q . 
[*265-24.*261-18.*15M8] D.Peflfinu (N 0 ) r (1) 

b . (1) . *265 22 . D b : Hp . D . less'N = H fin u (N 0 ),. 

[*2651] 0 . N e a>i: D b . Prop 


*265-26. b : a e N„. D . N 0 r i(less l C“C\‘a) e . N„r5(less t C“C\‘a ) = N 

Dem, 

b . *254-431. *150-37 . D 

b . N 0 r»(less l C“ Cl'a) = (N„riless) l N 0 r“(fi n <7“Cl‘a) 
b . *123-16 . D b : a e N„. D . N 0 r“(fi n C“C\‘a) C NO fin u N 0 r“(N 0 ), 


( 1 ) 

( 2 ) 
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b . *12314 . *202-18-21 . D b : a e N 0 . //.e NC induct - PI. D . g ! ^ n C“Cl‘a : 
[*262-25] D b : a <= N 0 . v e NO fin. D . g ! z> n C“Cl‘a . 


[*152-45] D. v e N 0 r“O“Cl‘a (3) 

b . *152-7 . D b :Pe(N 0 ) r . ae K 0 . D . aeC“N 0 r<P . 

[*60-34] D. NPP e N 0 r“C“Cl‘a (4) 

b . (3) . (4) . D b : a e K 0 . D . NO fin u Nr“(K 0 ) r C N 0 r“(C“Cl‘a 0) (5) 

b . (2). (5). Z> b : a e K 0 . Z>. NO fin v Nr“(N 0 ) r = N 0 r“(O“Cl‘a n H) (6) 


b . (1). (6). (*255-01 . *265-05-06). D b : a <? K 0 . D . N^less £ C“C\‘a) = N. 
[*26525] D . NoT^Iess £ 0“ CPa) Prop 

*265 27. b : g ! N 0 n Pa. D . g ! « t u ‘t w ‘a 

Dem. 

b . *64 55 . D b : £ e Pa. C‘P C j£?. D . P e t^a. ^1) 

b.(l). Db:/3ePa.D.O“CPy9C4o‘«. 

[*15512.*63 5] D. N 0 r“O“CP/9 C PC« ■ 

[*64’57] D. N 0 rJ(less £ C“Q\‘$) e t^t^a (2) 

b . (2). *265*26 . D b . Prop 

*265*28. b : Infin ax (x ). D. g l <»! r\ t^t^x 
Dem. 

b . *123-37 . D b : Hp . D. g * N 0 n t‘t*‘x . 

[*265 27] D. a ! “i <"* t^t^t^x . 

[*64-312] D. g ! o>, * t u ‘t"*ai : D b . Prop 

Propositions concerning N 2 and o> 2 , and generally and g>,, where v is 
an inductive cardinal, are proved precisely as the above propositions are 
proved. There is not, however, so far as we know, any proof of the existence 
of Alephs and Omegas with infinite suffixes, owing to the fact that the type 
increases with each successive existence-theorem, and that infinite types 
appear to be meaningless. 

*265-3. b : a e Nr“(N 0 ) r . D . a < [*265'22’25] 

*26531. b:a!Ko.3.Ki>Ko 

Dem. 

b.*265-25. DbjHp.D.C'IeK, (1) 

b . *265-2 . D b - NO fin - P0 r C C‘N (2) 

b . *262*19-21. *123 27 . D b : Hp. D. NO fin — P0 r e N 0 (3) 

b .(2).(3). Db:Hp.D.Nc f O‘iV>K 0 (4) 

b . (1). (4) . D b. Prop 
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*265 32. h : n I K 0 . 3 . K 0 * Ni - K " N, = A 

Dem. 

1-. *265-3 . 3 I-: P e SI. C‘P e K 0 - 3 . P ~«?. 

[(*265'02)] D.C'P^eK, (1) 

1-. (1). *26218 . (*265-02) .DKKonK^A.DK Prop 

*26533. KK,eNC [*152 7l. *26512] 

*265-34. h : a : fC 0 .3 . [*265 31 -32-33. *255 74] 

*265-35. h ■ a !. 3. = NO fin u Nr“(N 0 ) r 

Dem. 

h . *265-3 . *263 31 . 3 h : Hp . 3 . NO fiu u Nr“(N 0 ) r C^oj, (1) 

f . *26511.3 h : P e ©,. Nr ‘Q . 3 . Q less P . 

[*265-1] 3 . Nr'Q e NO fin u Nr“(N 0 ) r (2) 

I-. (1) . (2) . 3 1-. Prop 

*265 351. h : P e . a ! . Nr“D‘P, = NO fin w Nr“(N 0 ) r 

Deni. 

h . *256 11. *265'35.3 

1-: a ! . Nr“D‘i\ = NO fin v Nr“(K 0 ) r . = . a ! ®,. if'Nr‘P = . 

[*2561.*204 34] = . P e aij: 3 1- . Prop 

*265 352. h : P e ® x . 3. Nr“D‘P s =5'^ [*26535-351] 

*265-36. h : a, (S e Nr“(K 0 ) r . D . a + £ <= Nr“(K 0 ) r 
Pent. 

. *180-71.3 h : Hp . D . C“(a + &)= C“a + c C“0 
[*26212] = K 0 + C N 0 

[*123-421] =K 0 , 

[*262-12] 3. a + 0 e Nr“(K 0 ) r : D h . Prop 

*265-361. K a, £ e NO fin u Nr“(N 0 ) r . D. a + 0 e NO fin u Nr“(K 0 ) r 
[Proof as in *265 36, using *120'45 and *123*41] 

*265*4. 1-: P e o>i. a C C‘P . P#“a e Cls induct v* K 0 .3. a lp‘P“a 

Dem. 

h . *2651. D I-: Hp . 3 . (P £ P*“«) less P . 

[*254-51] D.P*“a=f;<7‘P. 

[*202-504] D . 3 ! p‘P<‘a : 3 K Prop 

*265 401. I-: P e o>i. a C <7‘P . P“a <r Cls induct u l*f 0 . D . a lp‘P“a 
Dem. 

h . *205131. D 1-: Hp . D . P%‘a = P“u w maxp'a. 
[*205-3.*120-251.*123-4] D. P*“a«? Cls induct w K 0 . 

[*265-4] D . a ! p‘P“a: 3 h . Prop 
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*265-41. b : P e . 3 . P“C ( PCN 0 v Cls induct. P*“C"P C K 0 u Cls induct 
Dem. 

b .*254182. 3l-:.Hp.3:a; e C‘P.3.(PtP‘a:)lessP. 

[*2651] D.P^-eKoV, Cls induct (1) 

I-. (1) . *120-251 . *123-4 . 3 !-:. Hp . 3 : £ e C‘P . 3 . ~P^x e K 0 u Cls induct (2) 
I-. (1) . (2) . 3 I-. Prop 


*265-42. h : P e »!. D . CPP C D‘P 
Dem. 

V . *265"4-41 . 3 h : Hp . x e CPP. 3 . 3 ! p‘P“i‘x. 

[*53 01-31] 3. # e D‘P: 3 h. Prop 

*265-43. h : P e « e C‘P . 3. P £ P fl > * ® . E ! lt P ‘P fI > 

Dem. 

V . *264-2 . *265-42 . 3 b : Hp . 3 . ~ E ! max P ‘iV# . 

[*264-22] D.PfciV®*® 

I-. (2). *265-41 . *123-421. 3 h : Hp . 3. P tt P' in ( x e K 0 . 
[*265-401] 3 . 3 ! p‘P*‘1p tn ‘x . 

[(1).*250-123] 3 . E ! lt P ‘iV* 

h . (2). (3). 3 h . Prop 

*265 431. I -:Pea> 1 .Q<lP.xeC‘Q.Q‘x C P f > . 3. 3 ! p‘P“C‘Q 
Dem. 

V . *265-43.3 h : Hp . 3 . C‘Q C P‘lt/P fn ^ : 3 !-. Prop 


( 1 ) 

( 2 ) 

( 3 ) 


*265 44. b : P e a> 1 . x e C‘P . 3 . P £ P*‘:k e 
Dem. 

K *25313.3 h:Hp.3.D‘(PtP*CO s = %a30-aP*y.P = PDP(^y)} (*) 

b . *254-101.3 I-: Hp . xP % y . 3 . Nr‘P £ P (x »- y) ^ Nr‘P £ P‘y. 

[*265-352] 3.Nr‘P£P(tft-y)eip<«>, ( 2 ) 

h . *265-352.3 h: Hp .3. Nr‘P £ ~P ( x e M 1 ^ (3) 

h.(3).*265-361-35.3 

—► —► —► 

fc : Hp . a e M 1 ‘w, . 3 . Nr*P t P ( x + a e M ‘eoj. 

[*265-351] 3 . (ay). Nr‘P £ PCr + « = Nr‘P £ P‘y. 

[*253-47-11] 3 . (ay) • tfP*y ■ NrCP£ PCr+ «= Nr'P£ P‘y. 
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[*204-45] D . (ay) . xP*y . Nr‘P £ P ( x + « = Nr *P £ P ( x -i- Nr ( P £P {x h- y) . 
[*255 564] D . (ay) . xP%y . Nr‘P £ (^ i -y). 

[(1)] D.aeNr «D‘(P £jP*‘aO, (4) 


h . (2). (4). D b : Hp. D . Nr“D‘(P £ P*‘x), = M'co,. 


[*265-35-351] D.P£P*‘ 

x e a)i: D b . Prop 


*265 441. b : P e Ser .Q,Re(or\ 

R 1‘P.RGQ.D. 


Dem. 

P“C‘R = P“C‘Q . Q“C‘R = C‘Q 


b . *263 27 . Transp . 

D b : Hp . D . ~ E ! ma x Q ‘C ( R . 


[*205 123] 

3. C‘R C Q“C‘R . 

(1) 

[*37-2] 

3.P“C‘RCP<'Q“C‘R 


[*3715-2] 

C P“C‘Q 

(2) 

b . *263 47 . Transp . 

Db'.Hp.D.p<Q“C*R = A. 


[(1).*202-51] 

3.C‘Q = Q“C‘R. 

(3) 

[*201-5.Hp] 

D.P“C‘QGP“C‘R. 


[(2)] 

3.P“C‘R = P“C‘Q 

(4) 

b.(3). (4) . D b . Prop 


*265 45. b \ . P z w x . QG P \ x e 

C‘Q.D x .Rl Q ( x - P fn c x :Qea>. 


S = x y [x e C‘Q . y = 

min Q c (Q^ - P fn ‘#)}. R = 8 £ S%‘B‘Q : D . 


Dem. 

R po e a. R^GQ. P“C i R vo = P“C‘Q 

b. *32-181. Db:Hp 

.O.SGQ. 

(1) 

[*91-59.*2U1-18] 

1-RvoZQ 

(2) 

(-.*263 11 . Db:. Hp. D : x e C‘Q . . E ! S‘x: 


[*71-571] 

D: N e CIs -* 1. C‘Q C D6S?: 


[(1)3 

D:Se CIs -* 1 . Q_‘S C D‘S : 


[*122-51.*96-21] 

D : Pe Prog : 


[*263-1] 

D : Ppo e a) 

(3) 

b . (2). (3). *265-441 

.Db:Hp .3.P“C‘R = P“C‘Q 

(4) 


h . (2). (3) ■ (4). D b . Prop 

*265 451. b Hp *265-45 .D:xe C‘R . D . P (&■ h- R*x) e N 0 
Dem. 

b . *265-45 . *263 14 .Dh:.Hp.D:xe C ( R . D . R^x^&x . 

[Hp] D.R l ‘x€ i P‘x-'p fn ‘x. 

[*260-131] D. P (x h-P^)~eCIsinduct (1) 

b . *265‘41 . D :. Hp . D : x e C‘R ,P(x\— R^x) eN 0 u CIs induct (2) 
b.(l).(2). D h .Prop 
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*265*452. I-: Hp *265 45 . g ! P (x i— R^x) c\ P (y R^y ). D. x = y 
Pern. 

h. *20118 . D h Hp . D : xP&y) . yP(R,‘x ): 

[*14‘21] D : x, y e C*R. xP (Ri‘y ). yP ( R^x ) : 

[*204-41 .*265-45] D : xR^ (Rfy) . yR^ (R^x ): 

[*204 71] D : x = y . v . xR^y : y = x . v . yR^x : 

[*4-41] 3ix=y.v.xR vo y.yR vo x: 

[*204-13.*265-45] D : x = y :. D h . Prop 

*265-453. h : Hp *265-45 . k = a {(a®). a; e C‘R . a = P (x h- 5/®)} . D . 

« e K 0 a Cl excl% ■ 8*k = P“C‘R r% P*“C‘R [*265-451-452] 
*265 454. h Hp *265*453 : k e K 0 o Cl excl*K 0 . D* . s*k e K 0 : D . 

P“C‘R o P#“C‘R e K 0 [*265-453] 


*265*46. h :. P e o)i . Q e to n RPP: x e . D* . a ! Q‘x — P^x : 

k e K 0 r% Cl exd'Ko P“C‘Q e K 0 

[*265-41-454. *123-421] 

*265-461. I-: Hp *265 46 . D . 3 ! p‘P“C‘Q [*26546-401] 

*265*47. t-i.Peetfj.Qeeort RPP: k e i< 0 n Cl excPK 0 . D*. e t< 0 : D. 

3 ! p (< P“C‘Q [*265-461-431] 

*265*48. I-«eK u r\ClexcPN 0 . D* Pea) x .Qeto nRPP.D *E! Itp'G^Q 

[*265-47. *250-123] 

*265-481. I-: Mult ax. D . Hp *265-48 [*113'32 . *123 52] 

*265-49. h Mult ax . 0 : P eco ,. Q e co * R 1 ‘P. D . E IltpC^ [*265-48-481] 
This proposition shows that, assuming the multiplicative axiom, any 
progression of ordinals of the second class ( i.e . consisting of series having X 0 
terms) has a limit in the second class, because N e co^ 

*265-5. h : Pe ^. Qe a>. C‘Q C C*P . ~ E ! max/OQ. 

R = cb§ {x e C‘Q. y = min 0 ‘(PGc e\ Q‘x) j. 8 = R [ R#B‘Q . D . 
S^eco.S^GP. P"C*S^ = P“C‘Q 


h.*20511. Dh:Hp .D.PGP.PGQ. (1) 

[*201-18] D.^GP.^poGQ (2) 

I-. *205’197 . D h : Hp . x e C ( Q . Q%‘x C P^x . D . x = ma xp ( Q*x (3) 

h . *263*412 . *261*26 . D h : Hp . x e Q‘Q . D . E ! maxj/Q'a; (4) 


r. & w. m. 
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I-. ( 3 ). (4). *205193 . D h : Hp . x e G C Q. Q*‘x C PJx . D. E * maxp'C'Q (5) 
h . (5). Transp . D H Hp . D : x e C‘Q . D . g 1 Q%*x — P%x. 

[*91'542.*202’103] D . g ! Q‘a?n P*x . 

[*250121] D. E! R f x ( 6 ) 

I-. (1). ( 6 ). *122 51. D V : Hp . D . S e Prog. 

[*263'1] 3 • Spo « ® (*) 

h . (2). (7). *265-441 . D h : Hp. D . P“C"S p0 - P“C‘Q ( 8 ) 

h . ( 2 ) . (7) . ( 8 ) . D h . Prop 

*265-51. h : Hp *265 48 . P e . a e tt 0 n C\*C‘P . ~ E ! max/a . D . E ! It P ‘a 
Dem. 

. *265 5 . D h : Hp . D . (g£) . 5 e « n RPP. P“G‘S=a (1) 

K (1). *265-48. Dh. Prop 

The following propositions follow easily. 

*26552. h Hp *26548 .Pe^.D: 

a n (7‘P e K 0 v Cls induct. = . 3 ! C‘P n j/P^a n C‘P) [*265*ol'41] 

*265-53. V :: Hp *265-48 . D P e . = : 

P e O : a n (7‘P eK 0 u Cls induct. =, . 3 ! C‘P n p‘P“(a n C‘P) 

*265-54 h : P e a> . D . <TV‘P C lt P “C7“(® n R1‘P) [*265 5] 

I.e. every limit-point in an &>, is the limit of a progression, which is what 
(following Hausdorff) may be conveniently called an o-limit. 

*265-55. h : P e o>!. D . CPV‘P = It P “C“(<o r\ RPP) [*265 54 . *216 602] 
This proposition does not, like *265'48, assert that every progression in 
P has a limit, and therefore it does not require the hypothesis of *265'48. 



SECTION F. 

COMPACT SERIES, RATIONAL SERIES, AND CONTINUOUS SERIES. 

Summary of Section F. 

A compact series is one in which there is a term between any two, 
i.e. in which P G P 2 , where P is the generating relation. We may call 
any relation P compact when PGP 2 ; then a transitive compact relation 
will be one for which P = P 2 . Hence a serial relation P is compact when¬ 
ever P = P 2 . Compact series in general have certain properties, some of 
which have been already proved; but the majority of the interesting pro¬ 
positions in this subject come from adding some other condition besides 
compactness. Thus series having Dedekindian continuity, which have many 
important properties, are such as are compact and Dedekindian. Rational 
series (i.e. such as are ordinally similar to the series of all rational numbers, 
positive and negative, or, what is equivalent, to the series of rational proper 
fractions) are defined as such as are compact, without beginning or end, and 
consisting of terms. Such series, also, have many important properties. 
A continuous series (in Cantor’s sense) is a Dedekindian series containing 
a rational series in such a way that there are terms of the rational series 
between any two terms of the given series. This species of compact series 
also has many important properties. It consists of all series ordinally similar 
to the series of real numbers including 0 and oo. 



*270. COMPACT SERIES. 


Summary of *270. 

The propositions of the present number are mostly either obvious or 
repetitions of previously proved propositions. The latter are repeated here 
for convenience of reference. 

We put comp = P (P G P 2 ) Df, 

so that the class of compact series is Ser n comp. We have 

*27011. h P € comp . = : xPy . 3 XiV . g ! P‘x r\ P*y 
*27034. h : P e trans n comp . D . s‘P = sgm'P 

The proposition s c P # = sgm J P #> which was proved in *212, is a particular 
case of the above. 

*270*41. h : P e Ser r\ comp . 3 . Nr‘P C Ser n comp 

I.e. a series which is similar to a compact series is a compact series. 

*27056. h:Pe Ser. QeD .~E! B*P . ~ E ! B‘Q . D . P Q e Ser n comp 

This proposition gives us a means of manufacturing compact series of 
various types, such as co exp r to, wexpra?!, etc. 


*270*01. comp = P (P G P 2 ) Df 

Here “ comp ” is an abbreviation for “ compact.” “ Compact ” series are 
the same as the series which Cantor calls “ uberall dicht.” 

*2701. h : P e comp . = . P G P 2 [(*270 01)] 

*270*11. hP e comp . = : xPy . . g \P‘% r\~P*y [*2701] 

*27012. h : P € comp . = . P e comp [*270'11] 

*270*13. h : P e trans n comp . = . P = P 2 [*270‘1. *201*1] 

*270*14 h : PeSerncomp. = . Pe RK/n connex.P=P*.s. PeSer . P= P 3 
[*270*13] 

b : P e Ser r» comp . = . P e Ser . P, = A [*201 65 . *270*14] 


*27015 
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*270*2. h :Pe comp . D . ~ 3 ! m&x P l P t x [*205*25 . *270*1] 

—► —► 

*270*201. hPf comp . D . ~ 3 ! min P ‘CPP. ^ 3 ! maxpD'P 
Dem. 

h. *37*25. DKmin P ‘a^P = P‘H)^P-(Ps)“D‘P ( 1 ) 
h.( 1 ). *270*1 . D h : Hp . D . min p ‘CPP = A ( 2 ) 

Similarly h : Hp . D . max p ( D‘P = A (3) 

h . ( 2 ) . (3) . D h . Prop 

—> ^ —► 

*270*202. h : P e comp .D.~g! min p ‘P“a . ~ 3 ! max p ‘P“a 
[Proof as in *270*201] 

*270*203. h : P e comp . D . ~ 3 ! seq p V£c [*206*42 . *270*1] 

*270*204. h: P e Ser n comp . E ! seq p ‘a . D . ^ E ! max P ( a 
[*206*451 .*270*15] 

*270*205. h : P e Ser c\ comp . D . lt P = seq P [*207*1. *270*204] 

*270*21. h : P e B,\‘J n comp . x e C‘P . D . a lt P (P^) [*207*31 . *270*1] 
*270*211. h : P e R \‘Jn comp . D . D‘lt P = C‘P [*270*21] 

Thus if a relation is compact and contained in diversity, every member 
of its field is a limit-point. 

*270*212. I -: P € connex . D‘lt P = C ( P . D . P e comp 
Dem. 

h . *207*34. D h : Hp. D . C‘P C - CP(P-^ P’). 

[*33*251] D . <P(P— P 2 ) = A . 

[*270*1] D . P e comp : D h . Prop 

*270*22. f-:. Pe R VJn connex . D :Pecomp. = . D‘lt P = C‘P. = . H‘P C D‘lt P 
[*270*211*212. *207*18] 

*270*23. !-:Pecomp-i‘A.D.P~eBord 
Dem . 

h . *270*201 . D h : Hp . D . ( 3 a) . a C C‘P . 3 ! a . ~ 3 ! min P ‘a. 
[*250*101] D . P~t Bord : D 1“. Prop 

*270*24. h : P e Ser n comp — PA . D . G‘P ~ e Cls induct 
Dem. 

h. *270*23. Dh:Hp.D.P~eil. 

[*261*31] D . C“P~ e Cls induct: D h . Prop 

*270*3. h : P e Ser n comp . D . secPP - D‘P f = P*“C‘P 
[*211*351 .*270*15] 
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*27031. hPetrans r\ comp . D .D‘Pe = D‘(Pe A I) [*21151 .*27014] 
*270 32. (-: P e trans n comp . D . P‘xe D‘(P e A I) [*211 - 452. *270-1] 

*270 321. h :~P tt C*P C D <(P e A I) . D . Pe comp [*211451. *2701] 

*270-322. h P e trans . D : P“C‘P C D‘(P e A J) . = . Pe comp 
[*270-32-321] 

*27033. h.-.PeSer. D : Pecomp . = . (Pmaxp o (Fseq P = A 
[*211-551 .*27014] 

*270-34. h:Pe trans n comp . D . s‘P = sgm‘P [*27031. (*21201'02)] 
*270*35. h :.Petrans n connex n comp . D : PeDed . = . <I‘max P = — <I‘seq P 
[*214-4. *270*13] 

*270"351. I-:. Pe Ser .D:Pe comp n Ded . = . Q‘max P = — (I‘seq P 
[*214-41 .*270-14] 

A series which is compact and Dedekindian is one which has Dedekindian 
continuity. Thus the above proposition states that a series which has Dede¬ 
kindian continuity is a series such that every class has either a maximum or 
a sequent, but not both. 

*270*352. h : Pe Ser n comp n Ded . a e sect‘P. D . limax P ‘a =* limin P ‘(C‘P — a) 
[*214-42] 

*270-36. h : P e R1 ‘J * comp . D . 8 P ‘C*P = (I‘P. V‘P = P 
[*216-2 . *270-211. (*216-05)] 

*270’4. hiPf comp . D . Nr‘P C comp 
Dem. 

h . *201-2 . D h : 8 e P smor Q.D. (S'’Qf = S‘>Q' .P = S‘>Q (1) 

I-. (1). *2701. D I-: P e comp .SeP smor Q . D . S’Q G S>Q 2 . 

[*150-31] O.S m >8‘>QGS m ’S m >Q*. 

[*151-252] D . Q G Q s : D h . Prop 

*270-401. h : P € comp .= . N 0 r‘P C comp [*270‘4. *15512] 

*27041. h : P e Ser n comp . D . Nr‘P C Ser n comp [*270"4 . *204-22] 
*270*411. h : P e Ser r\ comp . = . N 0 r‘P C Ser n comp [*270 41 . *155"12] 
*270 42. h : P e comp. D . P £ P%x, P £ P%x e comp 
Dem. 

I-. *27011 . D I-: Hp . y, z e P%‘x . yPz . D . (gw). yPw. wPz . 

[*9016] ^ .(^w) .we P^‘x . yPw .wPz (1) 

h . (1) . *270-11 . D h : Hp . D . P tP*‘x e comp (2) 

Similarly h: Hp. D. P £ P*‘# e comp (3) 

(-.(2).(3). Dh.Prop 
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*270-5. h : P, Q e Ser n comp . C*P ft C‘Q = A . ~ (E ! P'P.E ! B*Q ) . D . 

P $-Q e Ser n comp 

Dem. 

h . *160-51. D h : Hp . D. (P£()) 2 = P ! oQ 2 a D‘P X C‘QvC‘P X GPQ 
[*93103.Hp] = P 2 ci Q 2 ci C‘P X (1) 

I-. (1). *270*1. D h : Hp . D . P*Q G (P*Q) 2 (2) 

I-. (2). *204-5 . 3 h. Prop 

*270 51. I-: P e Ser n comp . C‘P C Ser ft comp . P e Rel 2 excl. 3 . 

2‘Pe Ser n comp 


Dem. 

b . *204-52 . 3 h : Hp . 3 . VP e Ser (1) 

(-.*1621.3 

i- . (t ( py = (WP) 2 a (PiP) 2 ci (wp> | (p;p) ci (p;p> j (pop) (2) 
h . *2701 . 3 I-: Hp . x(s‘C ( P) y.D. (gQ) .QeC<P. xQ?y . 

[*41*13] (3) 

h . *270-1. 3 h : Hp . a; (PiP) y . 3 . a: (PiP 2 ) 2 /. 

[*163-12.*201-2] 3. x{F’Pfy (4) 

h.(2). (3). (4). *162-1. 3 h : Hp . 3. %*P G (S‘P) 2 (5) 

V . (1). (5) , 3 h . Prop 


The hypothesis of *270'51 is in excess of what is- required for the 
conclusion, which only requires, in place of P e comp, that there should be 
no two consecutive relations in C*P of which the first has a last term while 
the second has a first term. This is proved in the following proposition. 

*270*52 hP6 Ser n Rel 2 excl. C‘P C Ser n comp . 

B^PPi&P ft Cnv“CPP) = A . 3 . 2‘P e Ser ft comp 

r>em. 

h . *270-1 . *163-12 . 3 h : Hp . 3 . F&P G ( s‘C‘Py (1) 

h . *201 -63 . 3 h : Hp . 3 . PiP = P1P X ci PiP 2 (2) 

h . *93103 . 3 h Hp . QP X R . 3 : D <Q = C*Q . v . d‘R = C‘R (3) 

h . (3) . 3 h Hp . a (F>P X ) y . 3 : 

(gQ, R) : x e D‘Q . y e G‘R .v .xe C‘Q . y e CPP : QP t R : 

[*3313131*17] 

3:(gQ,P, z): xQz. z e C‘Q . y e G‘R .v . x e C‘Q . z € C‘R . zRy i QPrf: 
[*150-52.*201-63] 3 : a? {(s‘<7‘P) | (P>P)} y.w.x \(F>P) | (s‘<7‘P)} y : 


[*162-1] 3:a;(S‘P) 2 y ( 4 ) 

h . *16312 .*201-2. 3 h : Hp . 3 . PiP 2 = (PiP) 2 (5) 

h . (2). (5). *1621 . 3 h : Hp . 3. PiP G ( S‘P) 2 (6) 

h . (1). (6). *162-1 . 3 h : Hp . 3. £‘P G (S‘P) 2 (7) 

I-. (4) . (7) . *204-52.3 h . Prop 
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*270*521. h:.Pe Ser ft Pel 2 excl. C*P C Ser ft comp : 

G*P ft Cnv“d‘j9 = A . v . C ( P ft d‘B = A : D . VP e Ser ft comp [*270*52] 
*27053. b: P e Ser . Qe Ser ft comp. ~ (E! B*Q . E! B‘Q) . D. P x Q e Ser ft comp 


Dem. 

(-.*166*1. 0\-.PxQ=X‘Qy>P (1) 

!-. *165*21. e Rel 2 excl (2) 

b.*165*25.*204*21. Db:Hp. g IP.D. Qy>PeSer (3) 

b . *165*26 . *270*4 . D b : Hp . D . C‘Q | >P C Ser ft comp (4) 


I-. *151*5 . *165*26 . D I-: Hp. ~ E ! B*Q . D. C'Q j »P ft d‘B = A (5) 
b . *151*5 . *165*26 . D b : Hp .~E! B*Q . D . G*Q | ;PftCnv“CPP=A (6) 


b . (1). (2). (3). (4). (5). (6). *25 0*521 . D 

b : Hp . a I P • 3 * P x Q e Ser ft comp (7) 

b . *166*13 .Db:P = A.D.PxQeSerft comp (8) 

b . (7) . (8) . D b . Prop 

*270*54. b:Pe Ser ft comp . ~ E ! B f P .x~e C‘P . D . P 4* x e Ser ft comp 
Dem. 

b. *204*51. D b : Hp . D . P -f> # e Ser (1) 

b .*161*1 . D b : Hp . D . (P 4* #) 2 = P 2 ci D‘P f l‘x 

[*93*103] = P 2 ci C‘P | i‘x (2) 

b . (2) . *270*1 . D b : Hp . D . P 4> ^ G (P 4» #) 2 (3) 

b . (1) . (3) . D b . Prop 


*270*541. b : P e Ser ft comp . ~ E! B‘P . x ~ e C*P . D . x P e Ser r\ comp 
[Proof as in *270*54] 

*270*55. b:P e fi. C‘P C Ser. ~ E ! B ( P . C‘P n Cnv“CP P = A . D . 

n f Pe Ser ft comp 

Dem. 

b. *251*3. Db:Hp.D.n‘P* Ser (1) 

b . *250*21 . *93*103 . D 

b : Hp . Q e C ( P . M e F±‘C‘P . D . (a*). (iPP/Q) (P/Q) * (2) 

b . *200*43 . D 

h:Hv(2).(M‘P 1 ‘Q)(P 1 ‘Q)x.L=Mt(-i‘P 1 t Q)vxl(P 1 ‘Q).-}.M(Il‘P)L (3) 
b . *200*43 . D 

b : Hp(3). Ne FSC‘P. ( M*Q) Q (N‘Q). M[P‘Q = Nl~P‘Q . D . X(n*P) N (4) 
b ■ (2). (3).(4). D 

b ; Hp. Af, N e FSC‘P . Q e G ( P . (M‘Q) Q (N‘Q ). M [P‘Q = N [~P<Q . D . 

{rL).M{WP)L.L{U<P)N (5) 
b . (5). *200*43 . D b :Hp.D. n‘PG(n^P) 2 (6) 

b . (1) . (6) . D b. Prop 
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*270-56. h : P e Ser . Q e fi . ~ E ! B‘P . ~ E ! B‘Q . D . P G e Ser n comp 
Bern. 

f*. *176151 . D h : P = A . 3 . P Q e Ser r\ comp ( 1 ) 

I-. *176-181-182 . D I-. P« smor n‘P | JQ ( 2 ) 

h . *165-25 . *251 121 . D h : Hp. 3 ! P. D . P ^ >Q e £1 ( 3 ) 

h . *165-26 . *204-21. D h : Hp. D . OP | C Ser ( 4 ) 

h . *165-25 . *151-5 . D f-: Hp . 3 ! P. D ! ~ E! £‘Cnv‘P J, ( 5 ) 

K *165-26. *151-5. D h : Hp . D . C‘P ^>Qr\ Cnv“CI‘Z? = A ( 6 ) 

f* . (3) . (4) . (5) . ( 6 ) . *270’55 . D h : Hp . 3 *! P . D . n‘P J, eSer a comp . 
[(2).*270-41] D. P« e Ser n comp (7) 

f*. ( 1 ) . (7) . D h . Prop 


By means of the above proposition, compact series can be manufactured by 
taking series of such types as &> exp r to, <oexp r ta 1} ^exprta, etc. Any power 
aeyp r j3 consists of compact series, if is an ordinal having no immediate 
predecessor, and a is any serial number having no immediate predecessor 
(i.e. not formed by adding 1 to a serial number). 



*271. MEDIAN CLASSES IN SERIES. 

Summary of *271. 

We shall call a class a a “ median” class in P if aC G { P and there is a 
member of a between any two terms of which one has the relation P to the 
other. When this is the case, we have 

xPy . 'D Xi y . (gz) . z e a . xPz . zPy, 
ie. P G Pp a | P. 

Thus P cannot contain any median class unless P is compact. Conversely, 
if P is compact, C‘P is a median class. Hence relations containing median 
classes are the same as compact relations. Median classes are important in 
dealing with rational and continuous series: the rationals are a median class 
in the series of real numbers, and the series which Cantor calls continuous 
are characterized by the fact that, in addition to being Dedekindian, they 

contain a median class which forms a series of the same type as the rationals. 

—^ 

If P is a compact series, the class P“CPP is a median class in the series s‘P 
(*27l31). This fact is used in proving that the series of segments of a 
rational series is a continuous series. 

Our definition is 

med = aP (a CC‘P .PGP[a\P) Df. 

Thus medfP will be the median classes of P, and “PeCPmed” means that 
there are median classes of P. We have (Pmed = comp (*271T8); also 

*27115. h : a med P . D . P, P £ a e comp 

*27116. h : (a n C ( P) med P.= .(an D‘P) med P . = . (a n (HP) med P . 

= .(anD‘Pr\Q‘P)medP 
If P is a series, and a C C*P, a is a median class when, and only when, its 
derivative is Q‘P, i.e. 

*2712. h P e Ser . a C C ( P . D : a med P . = . d‘P = 8 P ‘a 
An important proposition is 

*27139. I-: P, QeSern Ded.« med P. £ med Q . (P £ a) smor (Q £ £). D . 

Psmor Q 

I.e. if P and Q are Dedekindian series, and a, /? are median classes of P 
and Q respectively, then if P £ a and Q £ £ are similar, so are P and Q. This 
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proposition is proved by showing that P is similar to the series of segments 
of P l a, the correlator being ltp with its converse domain limited (*271-37). 
Another important proposition is 
*271*4. I*: S e P smor Q. fi med Q . D . med P 

I.e . a correlator of P with Q correlates median classes with median 
classes. 

The above two propositions are used in *275*3*31, which prove that two 
series which are continuous (in Cantor’s sense) are similar, and that a series 
similar to a continuous series is continuous. 


*27101. med = aP (a C C ( P . P G P [ a | P) Df 
*2711. h :. a med P . = : a C CP . P G P f a j P : = : 

a C CP : xPy . D x>y . a ! a n PCr a P‘y [(*271*01)] 
*27111. b : a med P. = . a medP [*2711] 

*27113. 1-: a med P . C CP . D . (a v /?) med P [*271*1] 

*271*14. h:amedP.D.CP £«med(P|» 

Bern. 

K *271*1.3 

b a med P . D : x, y e a . xPy . ^ x<y . (a-?) .ze a . xPz . zPy . 

[*35*102] D Xiy .(Kz).z e a.x(Pta)z.z(Pta)y: 

[*35*102.*271*1] D : CP £ a med (P £ a )D b . Prop 

*271*15. h : a med P . D . P, P £ a e comp 
Dem. 

b. *271-1. DhrHp.D. PGP 3 . 

[*270*1] D . P e comp (1) 

h . (1) . *271*14 . D 1-: Hp . D . P £ a e comp (2) 

I*. (1). (2). D I*. Prop 

*271*16. h(an CP) med P . = . (a r\ DP) med P . = . (a dP) med P . 

= . (ar>DPndP)medP 

Dem. 

b . *271*1. *33*15 . D 

b (a n CP) med P. = : #Py . .g!an DP n PCc n P f y : 

[*2711] = :(an DP) med P (1) 

I*. *271*1. *33*151 .Dh(an CP) med P. = . (a n dP) med P (2) 

b . *271*1. *33*15*151. D 

b (a r\ C‘P) med P. = : xPy . D*,-,. a ! a n DP n CEP n PCr n P‘y : 

[*271*1] = : (a n DP n dP) med P (3) 

h . (1) . (2). (3) . D h . Prop 
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*27117. hPe comp. D . C<P, D ‘P, d‘P e med ‘P 
Dem. 

b . *35*452. *270*1 . D b : Pe comp ,D.PG P [d'P | P. 

[*271*1] D.d'Pemed'P. (1) 

[*27i*13] D. C f P e med‘P. (2) 

[*271*16] D.D‘P€ined‘P (3) 

h . (1). (2). (3). 3 h . Prop 

*271*18. I-. d‘med - comp [*27115*1/] 

*271*2. I-P e Ser. a C C‘P. D : a med P. =. d‘P = V« [*21613. *271*1] 


*271*3. f : P e R1 ‘J ri trans . a med P . D . P“a med (s‘P) 

Bern. 

I-. *271*15 . *270*34. D b : Hp . 3 . s‘P = sgm‘P . 

[* 212 * 11 ] 3 . s‘P = £7 (ft 7 « D‘(P e A /) . a ! 7 - ft (1) 

H . ( 1 ). *21112 . D f-: Hp . ft($‘P)y . D . 3 ! 7 — $ . P u y — y. P“ft= ft . 
[*37*1] D .(Rx,y).xey-fi .xPy .yey. 

[*271*1] D . ( 3 a;, y,z).xe y- fi. xPz . zPy .zea.yey. 

[*201*12] D . ( 3 a:, y, z) . a? e 7 - ft . ap 2 . zPy . 2 e a. y e 7 . ~ (yP 2 ) • 

[*32*18] D . ( 32 ). 2 e a. 3 ! P‘z — ft . 3 ! 7 — P ‘2 . 

[(1).*270*322] D .( 32 ) . 2 e a. 0 (*‘P)(P‘ 2 ). (P‘ 2 ) (s‘P )7 (2) 

b. ( 2 ). *271*1. Dh. Prop 


*271*31. h : P e R 1 ‘P « trans * comp . D . P“d‘P med (s‘P) [*271*3*17] 


The following propositions lead up to the proposition 
*27137. h : P e Ser n Ded . a med P . D . lt P f CV(P t a ) £ P l s ‘( P t a )} 
whence, if a is a median class of P, P is similar to the series of segments of 
P £ a. This proposition is used in proving that every continuous series is 
similar to the series of segments of a rational series. 

*271*32. b : P e Ser . R = P £ a . & e D‘P e . E 1 ltj»‘£ . D . /3=P“£=a n PHt ^8 
Dem. 


b . *205*9 . D b : Hp . a r\ G ( P ~ e 1 . D . maxjg*/? = max P (a r\ @) 

[*37*413.*211*11] = ma x P *$ 

[*207*13] = A (1) 

b . ( 1 ). *200*35 . D I-: Hp . D . max^T? = A . 

[*211*42*12] D.p = R“@ ( 2 ) 

I-. *207*231 . D I-: Hp. D . P“£ = P‘lt P ‘£ . 

[*37*413] D.R“/3 = an~P‘\t P </3 (3) 

b . (2) . (3) . D b . Prop 
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*271321. h : P e Ser . JR = P £ a . 3 . lt P [ D'P e e 1 -»1 
Dem. 

I- . *27132.3 I- : Hp . /3, 7 eD‘E e . lt P ‘£ = lt P ‘ 7 . 3 . /?= 7 : 3 f- . Prop 

*271322. I- : P e Ser . R = P £ a . 3 . lt P VP G P 
Bern. 

h . *212-23.3 I- Hp . 3 : a (lt P VP) y. ~ . 

(H& 7) ■ A 7 e D r P e .@Cy./3^y.x = lt P ‘/3. y = IV 7 . 
[*207-231] 3 . (gA 7 ) ■ A 7 e D‘P e . & C 7 . £ * 7 . ~P<x = P“£. PS/ = P “ 7 . 

[*37-2.*271-321] 3. P‘# c!?‘y. m 4 = y . 

[*204-33] 3 . aPy 3 f- . Prop 

*271*33. I*:Pe trans . a med P . 3 . P‘x =* P“(a a P‘#) 

Dem. 

h . *201501.3 h : Hp . 3 . P“lP‘x cA . 

[*37-2] 3 . P“(a a P*x) C P‘® ( 1 ) 

h . *271*1. 3 h Hp. 3 : yPx . 3 . (g;z) . yPz . z € a . zPx . 

[*371 ] 3 . y € P“(a a P'a) ( 2 ) 

K ( 1 ). (2). 3 h . Prop 

*271331. I-: Hp *27133 .P = P^a.3.«AP^ = R“( a a P‘x) 

Dem. 

h . *271-33 . 3 h : Hp . 3 . a a P‘% = a a P“(a a P*x) 

[*37-413] = R“{a a P‘x) : 3 h . Prop 

*271*332. hPe Ser . a med P . x e C l P . 3 . x = lt P '(a a P‘x) 

Dem. 

h . *271-331.3 I- : Hp . 3 . a a P^r C P“(a a P'#). 

[*205-123] 3 . max P ‘(a a P'a) = A (1) 

K(l). *271-33.3 

h : Hp . 3 . x € C‘P . P t x=P ti {a a P‘a?) . ~ E I max P ‘(a a P ( x ) . 
[*207-521] 3 . x = lt P '(a a P‘x) : 3 h . Prop 

*271 34. h :Pe Ser . a med P . 3 . P = lt P V(P £ a) 

Dem. 


I- . *271-331 . * 211 - 11 .3h:Hp.P = Pta.3.a^P^€ D‘P e (1) 
h . *204-33 . 3 h : Hp . xPy . 3 . a a ~P<x C a a P*y (2) 

h . *271332.3 h : Hp . xPy . 3 . x — lt P ‘(a a P l x). y = lt P '(a a P r y) . (3) 
[*2041] 3 .aAP'tf + a n~P‘y < 4) 
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F.(l).(2).(4).*212'23.3 

F:.Hp.jR=P£a.3: xPy . 3 . (a n P‘#) ( S ‘P) (a n PS/) (5) 

h.(3).(5).3h:.Hp,3: i rPy.3. i r{lt P V(P^a)}y (6) 

F. (6). *271-322. 3 F . Prop 

*271*35. I- : a med P . 3 . D‘(P £ a) e C - <3‘max P 
Dem. 

h. *37-413. *21111.3 

F:./? e D‘(P[;«) £ .3:( a p).£ = «nP‘V^ (1) 

[*37‘1] 3:(ap):«€^.3,.(ay).yepna.fl?Py (2) 

F. (2). *2711.3 

F Hp . e D‘(P £ a) £ . 3 : (^q*p) : # e fi . 3*. (g?/, z ) . aPz . 2 e a . zPy .yepr\a. 
[(1)] 3,.(a*).*P*.*«0. 

[*371] 3 x .x€P“/3 (3) 

I- . (3). *205-123. 3 F : Hp . £ e D‘(P £ a) £ . 3 . max//? = A : 3 F . Prop 

*271-36. h : P e Ded . a med P . 3 . D‘(P £ a) € C GPltp [*27T35 . *214-101] 

*271-37. F : P e Ser r\ Ded . a med P . 3 . lt p [ C‘s‘(P ^a)ePsmor {$'(P l a)} 
[*271-321-34*36. *151*22] 

*271*38. F : P e Ser n Ded . a med P . 3 . P smor {/(P £ a)} [*27P37] 


*271*39. h : P, Q e Ser rt Ded . a med P . /? med Q . (P £ a) smor (Q £ #). 3 . 

P smor Q 

Dem . 

F . *212*72.3 F: Hp .3. {s‘(P £ a)} smor { S ‘(P £ /5)} (1) 

F . *271*38 .3 F : Hp .3 , P smor (s‘(P £ a)] . Q smor [s‘(Q £ £)} (2) 

F . (1).(2) . 3 F . Prop 

This proposition is used in proving that all continuous series are similar, 
by means of the fact that such series contain rational series as medians, and 
that all rational series are similar. 


*27l"4. F : 8 e P smor Q . /? med Q . 3 . (£“/?) med P 
Dem. 

F . *35*354. *74-14 .3F:Hp.3.Qr£|S = Q]S[ S“/3 . 

[*150-1] 3 .S'>(Qt@) = ( SiQ ) [ S “@. 

[*i5Mi] 3-(swr«ii(s ; <2)=(f rs-w'p a) 

h.*726 . Dh:Hp.3.(Q[-/9)|SiS-Q|‘/9. 

[*150-1] 3.[S!(er/3))|(S;«) = S|Qr^lQiS (2) 

M2). *2711. 7> h : Hp. D. S | Q | S G {S'<(Q T £)) I (S’Q) ■ 

[*15M1.(1)] ^.Pd(PfS“ff)\P. 

[*2711] D. (S“/3) med P: D h . Prop 



*272. SIMILARITY OF POSITION. 

Summary of *272. 

If P, Q are two serial relations, and T is a correlator which correlates 
some terms of C*P with some terms of C‘Q, we say that two terms x and y, 
of which x belongs to G‘P and y to C‘Q, have similar positions with respect 
to T if y comes after the correlates of all members of D { T which x comes 
after, and y comes before the correlates of all members of D‘P which x comes 
before. This notion is useful for inductive definitions of correlations. If we 
start by correlating any two terms x X) y x , and take another term x 3 coming 
(say) after x X) a term y 3 having similarity of position with respect to x x j, y x 
must come after y x . Suppose now we take x 3 between x x and x 3 . Then 
a term y 3 having similarity of position with respect to x x ,[ y x u x 2 ,[ y 2 must 
come between y x and y % ; and so on. A correlation T constructed in this way 
will be such that T’Q G P. T>P G Q. If the whole of C*P and C‘Q can be 
obtained by prolonging the construction long enough, T will at last become 
a correlator of P and Q, This is the principle of Cantor’s proof that any two 
rational series are similar. 

As a rule, when the notion of similarity of position is useful, the relation 
T will be one-one, but this is not assumed in the definition. We write 
“ xTpQy" for u x and y have similar positions in P and Q respectively with 
respect to T” or, as we may express it more shortly, “ the P-position of x is 
T-similar to the Q-position of y.” The definition is 

T pq = {xe C ( P . y e C ( Q . D ( T aA C P'&y . n P'ar C T‘?Q‘y . 

D‘Tf\i‘xCT‘y} Df. 

This definition states that the predecessors of x which have T-correlates are 
to be correlated with predecessors of y , the successors of x which have 
P-correlates are to be correlated with successors of y, and if x itself has 
a P-correlate, y is to be a P-correlate of x. 

When T is a many-one relation, the definition becomes somewhat simpler. 
We then have 

*27213. h :: PeCls -^1 .0:.xT PQ y. = : 

xeC‘P.yeC t QzeeT>*Tn~?*a:.'} z .T‘zQy:zeD‘T*P‘x.'} g .yQT‘zi 

xeD‘T.D.y=T‘x 
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We have 

*27216. MD‘r)1 TpqGT 

That is, a term which has a correlate cannot have similarity of position with 
any term except one with which it is correlated. A member of G*P ft D ( T 
will have similarity of position with its correlate (assuming TeCls—*1) if 

PtV‘T(iT m ’Q.T“C‘PCC‘Q (*27218). 

Under ordinary circumstances, a term which is not a member of D‘7 
cannot have similarity of position with any member of Q*T (*272 2). When 
T is many-one and its domain is contained in C‘P, and P and Q are series, 
and x has no T-correlate, we have (#272*21) 

xT PQ y . = ixe C‘P . y e C*Q : 2 e D‘T ft ~P‘x . = z . T‘zQy, 
i.e. in this case, x and y have similar positions if the predecessors of x which 
have correlates are the terms whose correlates precede y. In this case, if 
Xf-G‘P, we have (#272*212) 

% Q ‘x = C‘Q ft $ (D‘T n P'a? = T‘<Q‘y) = <7‘Q ft # (D <T ft *P‘x = T^y). 

We next investigate the condition for G ( P = T> ( Tpq, i.e. the condition 
required in order that every member of C‘P may have similarity of position 
with some member of C‘Q. A sufficient condition is 

P,Qe Ser . Qecomp . TeCls—>1 . D'TeCls induct. P £ D ‘TO. T>Q . g ! Q . 

T“C‘P C D ‘Q ft a<Q 

as is proved in #272*34. 

We next consider the reversibility of T P q , t.a. the condition that the 
converse of T PQ should be ( T)qp . A sufficient condition is 

P,Q e Ser. Te 1—»1 . V> l T C C ( P. d ( T C G*Q (#272*42). 

Finally, we have two propositions on the addition of another couple x \y to 
T. With the above-mentioned hypothesis of *272*42, if xT P(i y and T’Q QP, 
putting W = T c/ x | y, we shall have P £ D‘ W = W’Q (#272*51), so that the 
hypothesis we had for T still holds for W. 

The propositions of this number are in the nature of lemmas for 
Cantor’s proof that any two rational series are similar, which is given 
in *273. 


*272*01. Tp Q = %fj{xeC‘P .ye C‘Q . C T‘*Q‘y . 

D ( T ft K C • D‘T ft i‘x C ~T‘y} Df 

*272 1. h : xT PQ y . = .xe C ( P . y e C*Q . D‘2 1 ft lp‘x C T**$y . 

D *T ft C T‘<Q‘y . D ( T ft i‘x CT‘y [(*272*01)] 
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*27211, h ixeC‘P.0. 

%q‘u'=V'Q n p‘Q“ (< T“(iyT n~P<x) n p‘Q“?T“([yT a V‘.r) 

t'jr;) 

Dem. 

I-. *272 1 . D h : Hp . D . 

ZV« = A P {z e D‘ T a ~P‘x .^ z .zT, Qy : * e D‘ T n *P‘x . D z . , Qy ; 

^ e D ( T n l‘x . D z . zTy\ 

[*40-51-53] = C‘Q n f‘ j) ft P‘j) 

n p‘V“(D f TA : D h . Prop 

*272111. h : « e C‘P . D . 

V PQ ‘.z = C‘Q n o Q‘“T“(1>‘T n P‘x) o ?‘(D'rn t^r)] 

[*272-11 .*40-181 

*27212. I- :: xT Pq y . = :.x eC‘P . y e C‘Q z eT)‘T. zPx . zT \Qy : 

zPx.3.zT\Qy:z = x.3.zTy [*272"1] 

*272-13. \-r.Te Cls-> 1 . D a-T^y . = : a e C“P . y e C"Q: 

« e D‘T n ~P‘x . D z . T^Qy : * e D‘7 7 a P‘x-. D z . yQT‘z :xeT> <T.D.y = T‘x 
[*272-12. *71-701] 

*272131. h : 2’eCls->l . * e C*P . D . 

Tpo 4 ® = C"Q a ^ yj Q^T^x v ?“(D‘r a i*x)\ 

[*272-111 .*71-613] 

*27214. I- : * e C‘P - D‘T . D . 

% Q ‘x = C*Q a p‘Q“tT“(V‘T a P‘r) a p‘Q“?T“(D‘T a *P‘x) 
[*272-111 .*40-18] 

*272141. I- : 3 ; e C*P - D‘7 7 . D . 

*T pq ‘x = C‘Q a £ (D‘T a ~P*x C T^y . D‘7 1 a P's C r^y) 
[*272-1] 

*27215. I- : TV Cis-*1 . x e C‘P — D‘T. D . 


[*272-131 . *40-18] 


T PQ *x = C‘Q a p‘Q“T“P‘x a p*Q“T“P‘x 


*27216. h.(D^)] T Pq GT 

Dem. 

h . *272*12 .Dh^e D‘2 1 . xT P Qy . D . xTy : D I- . Prop 


r. & w. III. 
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*272161. h : Pe Cls^l . P £ D‘P G PJQ . D . (D‘P)1 P PQ = C‘P 1 P f 

Dem. 

h . *150 41 . D h : Hp . s e IYT.zPx . xTy . D. T‘zQy (1) 

h. *150*41. D b : Hp . zeD'P. xPz . xTy . D . yQT‘z (2) 

K (1). (2). *272-13 . D h : Hp . xTy . x e C‘P . y e C‘Q . D . xT PQ y (3) 

h . (3). *272-16 . D h . Prop 

*27217. f-: Te CIs-» 1. P £ D‘PG T>Q. D ( T C C‘P . CL‘T CG 

r = (D‘r)1 Ppg [*272-161] 

The hypothesis of *272*17 is satisfied in all the important uses of T P q. 
*272171. h : Hp *27217 . x e T>‘T. D .% Q ‘x = i‘T‘x [*27217] 

*272*18. h : T e Cls->1 . P £ D‘PC: PJQ . P“(7‘P C C‘Q . x e C l P n D*P. D . 

T FQ ( x = T ( x 

Dem. 

K *150-41 .Dh :.Hp.D (1) 

I- . *150-41.3 I- Hp . D : z e D‘P n %x . D*. (2V) Q {T‘z) (2) 

I-. *37-61 . D h : Hp . D . PV e C<Q (3) 

h . (1). (2). (3). *272-13 . D h : Hp . D . xT PQ (TV) (4) 

h . *272-13. Z> b : Hp . xT FQ y . D . y=T ( x (5) 

h . (4) . (5) . D h . Prop 

*272*2. h : PcCls->l . D‘PC . Peconnex . Q GP. z~ € D‘P. D . 

PpQ l x f\ (1*7 — A. 

Dem. 


V . *272-13 . D h : Hp . xT PQ y . z e D‘P a PV. D . T*z + y (1) 

I- . *272-13 . D b : Hp . xT PQ y . 2 e D ‘T r* P*x . D .T‘z^y ( 2 ) 

h . (1). (2) . D h : Hp . ffPpgy . * e 13‘P. D. T‘z $y : D I-. Prop 

*272 201. h : Pe Cls->1 . D*PC C*P . P 6 connex . 3 ! D ( T P q — D‘P. 3 . 

(HPCOQ 

Dem. 

I-. *202-104 . D h Hp . z e D‘T. xT PQ y. a-~e D*P„ D : ^P# . v . xPz : 
[*272-13] D : T ( zQy .v.yQ (T ( z) : 

[*33132] D : T‘z€C*Q D h . Prop 


*272 21. h :: Pc Cls->1 . D‘PC C"P .P,Qe Ser .x~e D‘P . D 

^ e C‘P . y e C‘Q : z e D‘P* P^ . =, . T ( zQy 

Dem. 

I- . *272‘2 . D h Hp . z e D‘T. xT PQ y . D : x^z . y 4= T‘z : 

[*204‘3.*272-201] D : xPz . = . ~ (^P*) : yQ (P^). = . ~ 


{(T‘z)Qy] (1) 
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1-. (1). *27213 . D V ... Hp. D::xT Pq y. = 
x e G‘P . y e C‘Q :.ze D l T . D*: zPx . D . T'zQy : ~ (zPx). D . ~ (T‘z) Qy (2) 
1-. (2) . D h :: Hp . D xT Pq y , = :xe C‘P .yeC { Q : ze~D‘T . zPx . s*. :: 

3 H . Prop 

*272 211. Y :: Hp *272-21.3 orP Pg y. = : 

xeC‘P.yeC‘Q:ze D ‘T n P‘® . =*. yQ (T‘z) [Proof as in *272 21] 
*272-212. V : Hp *272 21. x e C‘P . D . 

4 T pq ‘x = C*Q n £ (D‘P n P‘a = P'^y) = <7‘Q n £ (D‘P n P^ = P^'y) 
[*272-21-211] 

*272*22. h : T e Cls—> 1. P, Q e trans . xT Pq y . z,w eT>‘T. x € P(z — w) .D . 

yeQ(f‘z-T‘w) 

Dem. 

y . *272-13 . D y : Hp . D . P‘*Qy. yQP‘w : D h . Prop 

*272*221. y : Te Cls-*1. P, Q e trans. a ! D‘P P q nP(z-w),D. (P^) Q (T‘w ) 
[*272-22] 2 ,weD‘T 

*272 23. F:.PeCls~>l .P,Q e trans : 

z(P t T>‘T)w . a ! D‘P Pa r\ P(z— w) :D . PI D‘PG P’Q 

Dem. 

y . *272-221.3 h Hp . D : * (P £ D‘P) w. D . (Ps) Q (T‘w). 

[*15041] D.z(T'>Q)w:.Dy.Vrop 

*272-24. y : D‘Pn C ( P^ A.D .T Pq = C‘P f C“Q [*2721] 

*272-3. h : Pe Cls—>1. S G P. D . P Pe G S P<3 

Dem. 

y . *272-13 . D y Hp . vsP^y .Dize D‘T .zPx.D. T‘zQy : 

[*72-9] D:z€D‘S.zPx.D.S‘zQy (1) 

Similarly h Hp . xT Pq y .D:ze D‘S . xPz . D . yQS's (2) 
h . *272-13 . D I-Hp . ®P PQ y. D : 2 € D‘P . z = x .0 ,T‘z = y : 

[*72‘9] D:ze D ‘S . z = x . D . S‘z = y (3) 

1-. (1). (2). (3). *272-13 .D h:Hp. xT Pq y . D xS PQ y : D P . Prop 
The following propositions lead up to *272-34. 

*272-31. y :P,QeSer. p € Cls->l . a ~ e D‘P. *= max P ‘(D‘P n P‘^) ■ 

w - min P ‘(D‘P n *P*x). P £ D'PG T'>Q . D % Q ‘x = Q ( T‘-z - T‘w) 

Dem. 

1-. *205-21 . D h : Hp . u e D ‘T r\ P ( x — . D . uPz . 

[*150-41.Hp] D. T‘uQT‘z (1) 
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I- . (1). D I-: Hp . y eQ {T‘z — THv ). u e D‘T n P*x . D . T‘uQy (2) 

Similarly h : Hp . y e Q (T‘z — Thv) .weDTn P‘x . D . yQT‘u (3) 

h . (2) . (3) . *272-13 . D h : Hp . y e Q (T‘z - T‘w ). D . xT PQ y (4) 

1-. *272-22 . D h : Hp. => !t pq ‘x C Q (T‘z - T‘w) (5) 

I-. (4) . (5) . D b . Prop 

*272-32. h : P, Q e Ser . Te Cls-*1. D‘PC ~P‘x . 

P £ D‘PG T’Q. z = maxp‘D‘P . => PTpjx^Bz 

Bern. 

I-. *272 13 . D V :: Hp . D xT PQ y .= :«<? D‘P. D u . T l u(^y (1) 
h . *205-21. D h : Hp . u e D ‘T-i‘z . Z>. uPz . 

[*150-41.Hp] D.T‘uQT‘z (2) 

h.(2). D h Hp. y e*Q‘T‘z .D:«e D‘P. D u . T‘uQy : 

[(1)] ^ixT^y (3) 

h . (1) . D b : Hp . xT PQ y . D . (4) 

h . (3). (4) . D h . Prop 

*272-321. h : P, Q e Ser . Te Cls-*1 . D‘P C *P<x . 

P l D‘P G PJQ. w = minp‘D‘P. D =~Q‘P‘w 

[Proof as in *272*32] 

*272*33. h : P, Q € Sei . Q e comp . Pe Cls—*1 . D ‘Te Cls induct. 

P l D‘PG P>Q. D . (P“D‘Pn P“D‘P) - D‘PC D‘Pp e 

Bern. 

h . *261*26 . D h : Hp . g ! D‘P n P‘a?. 3 . E ! maxp‘(D‘P« P i x) (1) 

h . *261-26 . D h : Hp . g ! D‘P n P*x . D . E ! minp‘(I)‘P n P‘x) (2) 

h.*20511 111. D 

h : Hp . e D‘P. 2 = maxp‘(D‘Pn P'x) ,w = minp‘(D‘Pn P‘x) . D . zPw . 
[*150-41] -D.PzQT'w. 

[*270-11] D. g ! Q {T‘z - T‘w ). 

[*272*31] D.gSPpA (3) 

h.(l).(2).(3).D 

h : Hp . eD'P. g ! H‘P n P‘x . g ! D‘Pn P l x. D .xeT> f T PQ : D h . Prop 



SECTION F] 


SIMILARITY OF POSITION 


197 


*272331. h : Hp *27233 . a ! Q . T“C‘P CD ‘Q.D. C‘P n p‘F“D ( T C D ‘T PQ 
Dem. 

h. *261-26. D l-:Hp. g !D‘Tn C*P . D . E ! inax/D‘7 1 (1) 

h .*272‘32 . D I-: Hp . x <?j!?‘P“D‘ T . £ = max/D* T . D . T P qx = Q‘T‘z . 
[*33-4] D. a ! T PQ ‘x m 

V . (1). (2). D h : Hp . a? e yP“D‘P. a ! D ‘T nC‘P.D.xe D ‘T PQ (3) 

h . *35-85 . *272-24. D h : Hp . D‘T n C‘P - A . D . C‘P C D ‘T PQ (4) 

h . (3) . (4) . D I-. Prop 

*272 332. 1-: Hp*272 33. a ! Q . T“C‘P Cd‘Q.D . C‘P r>p‘P“D‘T C D‘2\ 
[Proof as in *272'331] 

*272-34. h : Hp *272-33. a ! Q . ?“P‘P C n CPQ . D. C'P = T>‘T PQ 
[*272-33-331-332-18. *202*505] 

The following propositions are lemmas for *272‘42. 

*272-4. V : P, Q e Ser . T e l-» 1. D‘P C C‘P . d‘T C C‘Q . 

a?~eD ‘T.'xTpQy. D . y(T) QP x 

Dem. 

h . *272-21 . D 1~Hp . D : a; e C‘P. y e C‘Q : £ e n~P t x . = z . T‘zQy : 

[*72-243] D:xeC‘P.yeC‘Q : (Pw) Pa?. . w e CD7 1 . «/Qy : 

[*272-21] 3 : y{T)qpx 3 h . Prop 

*272*41. h:P,Q e Ser. Pel^l.D'PCC'P.CPPCG^. 

a? e D‘P. xT P qy . D . y(T)g P x 

Dem. 

h . *272-13 . D h :: Hp . D a? e C‘P . y = T‘x : 

se D‘T n P‘a>. D,. T‘zQy : * 6 D‘T . D z . yQ(Par) 
[*204-3] 0:.xeC‘P .y=T‘x:z€ D ‘T n P f a?. D z . PsQy : 

- PGr . D z . T‘z + y . ~ [(Par) Qy}:. 

[Transp] D a?€ (7‘P. y = T‘x :.z e D *T — i‘x . D z : zPx . = . (T‘z)Qy 

[*204-1] D a? e C‘P . y = Par :. z e D‘T. D z : zPx . = . (Ps) Qy 

[*72‘243] D are (7CP. y^=T‘x (Pw) Par. = z . e CP T. wQy 

[*71-362] y e 0‘Q. ar = Py {Pw)Px. = z .we(I‘T. wQy 

[*14-21.*33-43] D :. y eC‘Q -x=T*y :. weCPP. 3 W : (Pw)Par. = . wQy 
[*204-3] 3:.y € C‘Q.x=T‘yt.w € Q.‘T n Q‘y . . PwPa?: 

w € d‘T n Q‘y . D w . a?P(:. 

[*272 13] D :. y(T)Q P x :: D h . Prop 
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*272-42. 

V : P, Q eSer . Te 1-*1 . D‘PC C‘P . CPTC C‘Q . D . (T)qp‘ 

ii 

Dem. 

F-. *272-4-41 . D F-: Hp. D. T P q G (T) QP 

(1) 


h ■ (1) T^Q • 3 ^ = H P ■ 3 • Cn v‘(T)v G T rQ 

(2) 


h . (1). (2) . 3 h . Prop 


*272-43. 

h : P, Q € Ser n comp - t‘A . T e 1 -> 1 . J)‘T C D‘P n CPP . 



a<T C D‘Q n CPQ . P £ D= TiQ . D ‘Te Cls induct. D 
D‘T P q — C‘P . (PTpq = G‘Q 


Dem. 

h . *272 84. D h : Hp . D . = C‘P 

0) 


F-. *15036. 3\-.T>Q = T>Q$, d‘T. T>P = T>P £ D ‘T 
h . (2). F-: Hp . D . P £ D‘T = T\Q £ d ( T . 

(2) 


[*151-25] D.Qt a *T= bp £ D ‘T 



[(2)] =bp 

(3) 


F- . *120-214. D h : Hp . D . d‘T e Cls induct 

F-. (3). (4). *272-34 . D h : Hp . D . C‘Q = D 1 {T) QP 

(4) 


[*272-42] = <I‘Tp Q 

1- .‘(1) . (5). D h . Prop 

(5) 

*2725. 

h : P, Q eSer . T e Cls —>1. D‘P C OP . xTp^y . T’QGP . D 



{Tv*ly)iQ<iP 


Dem. 


h . *150-75 . D 

—> <— 


h : Hp . D . (T w x ,£ y)tQ = 

T’Qkj 'P“Q‘y t C& v i‘x \ T“Q‘y 

(1) 

h. *272-212. Dh:Hp. 

- e D ‘T.D. T“tyy C P‘®. T“(?y C P‘® 

(2) 

h . (1). (2). D h : Hp . x ^ 

-eD'Z , .D.(2 , w®|y)iQGP 

(3) 

F- .*272 16 . Dh:®eD‘P 
h . (3). (4). D h . Prop 

.D.Tvxly=T 

(4) 


*272 51. F-: P, Q e Ser . T e 1 -► 1. D‘ T C C‘P . CP T C C‘Q . 

vT PQ y.PtD‘T=T‘’Q. W=Tvxly.D.PtD‘W= W’Q 


Dem. 

h. *272-5. DbiHp.D.lfJQGP (1) 

K *272-42. Dh:Hp .D.y(?) QJ ,® (2) 

h . *150-36 . *151-26 . D h : Hp . D . T>P = Q £ (l‘T (3) 

K (2). (3). *272-5. D h : Hp . D . TPiP G Q (4) 


h . (1). (4). *150-36 . D F-: Hp . D . W’>Q G P £ D‘ F. TTJ (P £ D‘ Tf) G Q . 
[*151-26] D . P £ T)‘ W= W’Q : 3 h . Prop 



*273. RATIONAL SERIES. 


Summary of *273. 

A “ rational series ” is a series ordinally similar to the series of all positive 
and negative rational numbers in order of magnitude, or, what is equi¬ 
valent, a series ordinally similar to the series of all rational proper fractions 
(0 excluded). This characteristic of rational series is not, however, the most 
convenient for purposes of definition. Following Cantor, we define a rational 
series as one which is compact, has no beginning or end, and has N 0 terms in 
its field. Thus the field of a rational series can be arranged in a progression, 
and this is the source of the special properties which distinguish rational 
series from other compact series. 

Rational proper fractions can be arranged in a progression in many ways, 
for example the following: If two fractions (in their lowest terms) have the 
same denominator, put the one with the smaller numerator first; if they have 
different denominators, put the one with the smaller denominator first. We 
thus obtain the series 

&> f> b b b e > i> it — 

This series is a progression, and contains all rational proper fractions. 

Conversely, the' natural numbers can be arranged in a rational series. 
Take, e.g., the following arrangement: Express the numbers in the dyadic 
scale, so that every number is of the form 
2 2 ^ (/a € k), 

where k is a finite class of integers. The relation of the number to k is 
,one-one. Arrange the various ks by the principle of first differences, i.e. 
form the series Af cl £ (Cls induct — CA), Where M is the relation “ less than ” 
among finite integers. The resulting series is a rational series; thus the 
integers are arranged in a rational series by virtue of their correlation with 
the classes k. This arrangement places all the odd numbers before all the 
even numbers, all numbers of the form 4>v 4 - 2 before all numbers of the 
form 4)ir, and so on. If two numbers are expressed in the dyadic scale, 
their relative position in the series is determined by the first digit (starting 
from the right) which is not the same in the two numbers : the one in which 
this digit is 1 precedes the one in which it is 0 . 
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The two chief propositions in regard to rational series are (1) that any 
two rational series are ordinally similar, (2) that if R is a progression, its 
finite existent sfrb-classes arranged by the principle of first differences form 
a rational series. The second of these propositions is proved by showing 
(a) that the finite existent sub-classes arranged by first differences form 
a compact series, (b) that the finite existent sub-classes arranged by last 
differences form a progression. By this means, given any progression, we 
can specify a relation which arranges its terms in a rational series. For if T 
is a correlator of our progression R with the progression 

J2 ]c £ (Cls induct — i‘ A), 
then T’Rc i t (Cls induct - CA) 

is a rational series whose field is C‘R. Hence rational series exist in any 
type in which progressions exist. 

The arrangement of the finite sub-classes of a progression, with the 
resultant existence-theorem for rational series, will be dealt with in the 
following number. In the present number, we shall be concerned with the 
proof that any two rational series are ordinally similar. 

The proof of the similarity of any two rational series is due to Cantor. 
It is long and rather complicated; in outline, it is as follows. 

Let P, Q be two rational series, and R, S two progressions whose fields 
are G‘P and G‘Q respectively. Construct a series of correlations of parts of P 
with parts of Q on the following plan: Begin with A, and if T is any correla¬ 
tion, let the next be 

T u seqPD'T l min/Tp^seqVD'T. 

Then the sum of all the correlations generated from A by this law of 
succession will be a correlation of P with Q. It will be seen that, if 
we put 

W = XT [X = seq R ‘T>‘Tl min s ‘TpQ‘seq R ‘D‘Tj, 
the relation which is to be shown to be a correlator of P and Q is W A , in the 
sense defined in *259. Thus we have to prove 

W A e 1 1 . CP W A = C‘Q . P = W a >Q. 

W A € 1 —> 1 results immediately from *259'15. 

P £ T)‘W A = I Va’Q results immediately from *25916 and *27251. 

Thus it remains to prove W A = C ( P . (P W A = C‘Q. 

1d‘W A = C‘P is easily proved. By induction, if T is one of the series 
of partial correlators, D‘Te Cls induct, and therefore E ! seqpHPT, by *263'47, 

and by *272‘34, G^—^Tpq] hence g ! T P q‘seq R ‘T>‘T, and therefore, by 
*250T21, E ! min/T^/seqPTVT. Hence T has a successor, which correlates 
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seq^D'T with min s ‘Tp ( /seq J /D‘7 T . Hence the successor, in R, of every 
member of G i R which has a correlate, has a correlate ; hence by induction 
every member of C‘R ( i.e. of C‘P) has a correlate. Hence D‘ W A = G f P. 

The proof of Q_‘W A = G‘Q is more difficult. As before, let T be one of the 
series of partial correlators. We have to prove that there is a correlator which 
has seq$‘G‘T in its converse domain; when this is proved, the result follows 
by induction. To prove this, put 

x = minj/TpQ'seq/G'T. 

x exists, in virtue of *272‘43. Also since D‘ W A = C‘P, it follows from *259'!3 
that there is a partial correlator U such that 

x — seq^D ‘U. 

We then have to prove seq/G f 7'= min s t U P Q t x. 

Put y — seq/Q'lT. Then S‘y C d‘T. Hence, by *272-2, S‘y r\ U PQ ‘x — A. 
Thus if xU PQ y, it follows that y = mm s ‘U P Q i x. To prove xU PQ y, observe that 
TGU. U P qQT P q.PIT>‘U=U^Q. 

We have weD‘?7. D . <^(uT PQ y), by *272-2. Hence, by the definition of T P q, 
we have, if U€D‘U, 

(gs) - z e D‘T. zPu. im (T‘zQy) . v . (gs) . z e D‘T. uPz . ~ (yQT‘z). 

In the first case, we have (gz). z e Q‘T. zPu . ~ (zPx), because xT PQ y 
Hence, since x^z because ‘T, 

(gz). z e D *T. zPu. xPz. 

Similarly, in the second case, 

(g,z). z e T>‘T . uPz . zPx. 

The second case is incompatible with xPu, and the first with uPx. Hence 
xPu . D . (gz) . z e D‘T . xPz . zPu : uPx . D . (gz). z e D* T . uPz . zPx. 

But, since xT PQ y, xPz . D . yQ(T‘z) . D . yQ{U f z), because TdU, and since 
PtD‘U=lT’Q, zPu.D.(U‘z)Q(U‘u). 

Hence xPu .D . yQ(U‘u), and similarly uPx .D . (U‘u)Qy. Hence xU PQ y. 
Hence y — min s ‘ U P q‘x, and therefore y belongs to the converse domain of the 
next correlator after U. Hence every term of C‘Q belongs to the converse 
domain of some correlator, and therefore to G'TP^. Hence W A correlates P 
and Q, and P and Q are ordinally similar. 


14 
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*273 01. 7) = Ser n comp n C“N 0 n P (D‘P = d‘P ) Df 

Following Cantor, we use r) for the class of rational series. 

*273*02. Rspq'T, = Tv seq/D'PJ, min s ‘7Vseq fl ‘D‘P Dft [*273] 

*273-03. ( RS) FQ = (R ^)*‘A Dft [*273] 

*273*04. Trspq = s‘(RS) pq Dft [*273] 

Trspq will be shown to be a correlator of P with Q when P and Q are 
rational series, and 5 and S are progressions whose fields are C‘P and C‘Q 
respectively. 

*273;1. b : P € v . = . P € Ser n comp . C‘P e K . D‘P = CFP [(*273*01)] 

*27311. h:.PeT 7 . = :P e Serncomp.D^P = (I f P:(aP).Pe6 ) .C' f P = (7 i P 
[*2731. *263101] 

*2732. \-iW = XT{X= seq^D'Pj min 5 %^seq^D^}. D . 

Rspq — X w . (RfypQ C (A w *A)‘K . TpgpQ G W a . Trs P q e (A ^*.4 )‘A 
[*257-125. *258-242. (*273-02-03-04 . *259-02 03)] 

Here the temporary definitions of *259 are revived. 

The second of the above inclusions might be changed into an equality, 
but it is not necessary for our purposes to prove this. 

*273-21. h : Hp *273-2 . D . D‘ W A C C‘R . (T W A C C‘S 
Bern. 

b. *259T3. Db : Hp . 3 .I>‘W A = 8‘D“W“(A w *Ayk (1) 

b . *206-18 . D h : Hp. X € D‘ W . D . T>‘X C C*R (2) 

b . (1). (2). D b : Hp . D . T>‘W A C C‘R (3) 

Similarly b : Hp . D . <I‘ W A C 0‘S (4) 

b . (3). (4) . D b . Prop 

*273-211. b : Hp *273-2 . Te d‘ W. D . D‘T n D‘ W‘T = A [*206-2] 

*273 212. b : Hp *273 2 D . W A e Cls 1. D [ (A w *4)‘A e 1 -► 1 
[*273-211 .*259-141-171] 

*273-22. b : Hp *273 2 . OP = C‘R.Pe connex .QGJ.O. 

W A€ l->l.dl(A w *A)‘Ael-+l 

Dem. 

b . *273-211-212-21 . *206 2 . (*259 03). D 

b :.Hp.D:Pe(jl, K *A)‘AnTl^.D. 1\ Cls-> 1. D‘2 1 C C f P . se qi£ ‘D‘P~<■ D‘P. 
[*272-2] D.min/Pp^seq^D^-ea^ (1) 

b.(l).Db:.Hp . I) : Te{A w *Ayk n CI‘ W. . d‘T r\ Q‘JPP = A : 

[*259-14-17] D:W A el^C\s.d[(A W *A) e 1 -► 1 
b. (2). *273-212. D b . Prop 


(2) 
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*273 23. F*: Hp*273'2 . P, Q e Ser. C‘P = C‘R . C‘Q = C‘S. Te (A W #A )‘A . D. 

PfD‘T=T'’Q 

Dem. 

h . *272-51 .*273-21 . D h : Hp. TeWW. D . P t T) t A w t T = (A ir t T)>Q ( 1 ) 
h . (1) . *259*16 OF-. Prop 

*273*24 h : T € (RS ) PQ . D . D‘P, 0.‘T e Cls induct 
Dem. 

h . *120*251. D 

h Hp O : Pe r . D‘Pe Cls induct. D . D‘A w ‘Te Cis induct: 
[*90*112] I) : A (4 w )% T . D . D‘T e Cls induct: 

[*273*2.(*273*03)] D : Te(RS) PQ . D . D‘Pe Cls induct ( 1 ) 

Similarly h Hp . D : Pe (RS) P q . D . CPPe Cls induct ( 2 ) 

h . ( 1 ) . (2) O I-. Prop 

*273*25. 1-: P, Q e 7). C‘P = C‘R . . Te(RS) PQ . D. 

D%,g = C‘P.(I‘Ppg = C'‘Q 

Dem. 

h . *273-1 . D 

h : Hp O . P, Q e Ser n comp . C‘P = D‘P = CPP. G l Q = (1) 

h . *273-1. *263-44 . D h : Hp . D . g ! P . a ! Q ( 2 ) 

F-. (1). (2). *273*22*23*24. *272*43 . D h . Prop 

*273*26. b:.P,Q6 V .R,Sea>.C‘P = C‘R.C‘Q = C‘S.D: 

T€(RS) pq . D . E ! seq/D‘P. E ! min/Pp/seq/D‘P 

Dem. 

h . *273*21 . *263*47 . *273*24 . D h : Hp. Te{RS) Pq . D . 3 ! C‘R np‘R“D‘T. 
[*250*122] D. E! seq/D‘P (1) 

h.( 1 ). *273*25 . D F-: Hp . D . g ! 7Vseq/D‘P. 

[*250‘121.*272*1] Z>.E!min/Pp/seq/D‘P (2) 

h . (1) . (2). D h . Prop 

*273*27. F-: Hp *273*2 . Hp *273 26 . D . ( RS) PQ C d‘W . (RS) PQ C D *A W 
[*273*26] 

*273*271. V : Hp *273*26 . T e ( R8) PQ . D . seq/D‘P 6 D'Ppspg 
Dem. 

V .*273*2 . D h : Hp . Hp*273*2 . D . Te^p^DM^.D. A w ‘Te(RS) PQ (1) 
h . *273*2 . D 

h : Hp . Hp *273-2 . Te(RS) PQ . E ! A W ‘T. D . seq/D‘P e DM ,/P 
h.(l). (2). *273*27 0 

h : Hp . Hp *273*2 O. M W ‘T e (PP) P g . seq/D‘P € D ‘A w l T . 

[*273*2.(*273*04)] D . seq/D‘P e D'P^pg OF-. Prop 


(2) 
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*273-272. h : Hp*273-2C . D . T)“(RS) PQ = R“C‘R 
Dem. 

I-. *206401 . D P : Hp . Te(RS) PQ . D‘T=~R‘x . !>,# = seq/D ‘T. 

[*204-71.*250-21] D.D ‘R SPq ‘T ^R'R'x (1) 

h . *25013 . D 1-: Hp . D . D‘A= (2) 

K (1). ( 2 ). *90-131. D h Hp . D : T(R SPQ )*A . D . D‘Te : 

[(*273-03)] D: D“(PS) P(? C P“C‘P (3) 

K (1). (*273 03). => 

h Hp . D : x € C‘R . R‘% e D “(RS) PQ . D . RtR^x e D “(RS) P q (4) 

V . (2). D h : Hp . D . 6 D “(RS) PQ (5) 

h . (4). (5). *90-112 . D 1-Hp . D : ase (R^‘B‘R . =>. e T>“(RS) PQ ( 6 ) 
1- .*263-43 . *250-21. D h : Hp . D . C‘R = C‘R l . B‘R = B t R l (7) 

h . ( 6 ). (7). *263 141 . *1221141. D 

h Hp .D:x€C‘R.D.R‘xe D“(RS) pq (8) 

h . (3) . (8) . D h . Prop 

*273-28. V : Hp*272 26 . D . T RSPQ € 1 -* 1 . = C‘P.P= T^Q 

Dem. 

h . *273-2-22 . D h : Hp. D . T BSPQ e 1 -> 1 (1) 

h. *273 272 . D 1 -: Hp . D . D‘7We = s‘R“C‘R 
[*263-22] = C‘R ( 2 ) 

f-. *273-2-23 . D h : Hp. D . P C D‘T R5J > 0 = T^Q . 

[(2)] D.P = ?WQ (3) 

h.(1). (2). (3). D F-. Prop 

In order to prove T RSPq e P smor Q, it only remains to prove 
WTm^C'Q. 

*273-3. h Hp*273-2 m T,Ue(A W *A )‘A . D : D‘P C D‘ U. = . TC U 


Dem. 

h.*33-263. DV-.TQU.D.&TCD'U ( 1 ) 

h. *259-111. Dh:. Hp . D : TG P. v . 17G T (2) 

h. *33-263. D I-: Z7 G T. D‘T C D‘ 17 . D . D‘T =D‘U (3) 

h . (3). *273-212 . D h : Hp .UGT.iyTQT)‘U.'3.T=U (4) 

h . ( 2 ). (4) . D h : Hp . D‘P C D‘ U . D . T G U (5) 

h . (1) . (5) . D h . Prop 
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*273-31. f-: Hp*273*26 . T e (RS) PQ ,yeC‘S- d ( T . S‘y C Q.‘T. 3 . 

(a*. U)-x = min K ‘T PQ ‘y . U e ( RS) PQ . x = seq U 

Dem. 

I-. *273 25 . *250’121.31-: Hp . 3 . (gc) . x = min^Tp^y (i ) 

I-. *273-272 . 3 I-: Hp .x = min R ‘T PQ ‘y . 3 . (gZ7) . U €(RS) PQ . 'D‘U-~R t x . 
[*206*401] 3 . (qU) . Ue (RS) pq . x = seq R ‘D‘U (2) 

1-. (1). (2). 3 I-. Prop 

*273*32. I-: Hp *273'31. x = min jfTptfy . U e ( RS) PQ . x = seq/D ‘U. 3 . 

xU PQ y . Td U 

Dem. 

I-. *205-14 . 3 I-Hp . uRx . 3 : ~ (uT PQ y ): 

[*272-13] Di(ftz)-.zeI)‘T:zPu.~{T‘zQy).v.uPz.~(yQT t z) ( 1 ) 


I-. *272-2*42 . 3 f-: Hp . 3 . a; ~ e D‘T. ( 2 ) 

[*273-272] 3.T>‘Tcli'x (3) 

(-.*273*272. 3 I-: Hp. 3 .TPa? = D‘Z7 ( 4 ) 

I-. (3). (4). *273*3. 3 f- : Hp. 3 . T G U (5) 

h . (1). *272-13 . D 

(-Hp. uRx . 3 : (gs) : z e D‘T : zPu . ~ (zPx ). v . uPz . ~ (xPz) ( 6 ) 

I-. *204‘1 .31-:. Hp . 3 : uPx . zPu . 3 . zPx : aPw. uPz . 3 . xPz (7) 


I-. ( 6 ) . (7) . (4) . 3 1-Hp. u eD‘U. 3 : uPx . 3 . (gs) . * e D‘P. uPz .~(xPz ): 

. 3 . (g*r) . 2 e D‘T. .sPw . ~(zPx ): 

[( 2 )] 3 : uPx . 3 . (gz) . z e D ( T. uPz . zPx : 

xPu . 3 . (gs) . z e D ( T. zPu .'xPz ( 8 ) 

I-. *272*13 . *273 23.3 

\-:Hp.U€D‘U.zeD‘T.uPz.zPx.D.(U‘u)Q(U‘z).(T‘z)Qy. 


[(5)] > .(U‘u)Qy (9) 

Similarly I-: Hp . u e D‘P. zeD‘T. zRu . xPz . 3 . yQ(U‘u) (10) 

K(8).(9).(10).3 

I-Hp.weD'P. 3 :nPx. 3. (U‘u)Qy:xPu. 3. yQ(U‘u) (11) 

K(ll).*272*13.31-:Hp. D . xU PQ y (12) 

I-. (5) . (12) .31-. Prop 
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*273 33. h : Hp *273*32 . 3 . y = min/ Upqx . x ( Rspq‘U) y 
Dem. 

I-. *273*32.31-: Hp . 3 .~S‘y C U‘ U . 

[*272*2*42] 3 .~S‘y rdJ PQ ‘x = A (1) 

I-. ( 1 ). *273*32 . *205*14. 3 f-: Hp. 3 . y = min s d7p<A (21 
I-. (2). (*273*02). 3 b : Hp. 3.« (R SPQ ‘U) y : 31-. Prop 

*273*34. I-: Hp *273*31 . 3 . y e d‘?W Q 
Dem. 

I-. *273*31 *33.3 f-: Hp . 3 . (3 P). Ue (R s )pq ■ V e d‘P SQP ‘ U . 

[*90*1 6 . (*273*03)] 3 . ( a TP) . W e (PP)p Q . 3/ € CP If . 

[(*273*04)] 3 . y e d'TWg : D h . Prop 

*273*35. f-: Hp *273*26 . 3 . d‘7W Q = C'Q 
Dem. 

I- . *273*34 . 3 I-: Hp . y e CSS . C d‘7W Q . 0 . ye d ‘T RSPQ (1) 

f-. (1) . *250*34 . 3 h . Prop 

*273*36. I-: Hp *273*26 . 3 . T RSPQ e P s~mor Q [*273*28*35] 

*273*4. h : P, Q e n . 3 . P smor Q 
Dem. 

1- .*273*11 . 3 »-: Hp. 3 . (aP,S) .R,S <■<* .C‘P = C‘R . C f Q = C t 8 
[*273*36] 3 . (gP, S ). e P smor Q : 3 f- . Prop 

*273*41. I ~ 1 P e 7 ) . P smor Q . 3 . Q e 77 
Dem. 


1-, 

. *270*41 , 

3 

f- 

: Hp . 3 . 

Q e Ser n comp 

(1) 

K 

.*151*18 . 

.*123*321 . 3 

V 

: Hp . 3 . 

■ C‘Q e N 0 

(2) 

h, 

. *151*5 . 

3 

h 

: Hp.3. 

■ D'Q = d'Q 

(3) 

f-, 

. (1) . (2) . 

, (3) . *273*1 . 

3 

h . Prop 




*273*42. I- : P e v . 3 . v = NVP [*273*4*41] 

*273*43. I-. 77 c NR [*273*42 . *256*54] 

The following propositions are easy to prove: 

t- : Q e Ser n d“K 0 . P e 7 ?. 3 . Q x P «■ v , 
whence f- : a e NR n CPSer . d“a = K 0 .3 . a X y = i); 

and 

h : P e 7}. Q e Ser n d“K 0 .xeC‘P .0 .x l'>Qe Nr ‘Q n RP(Q x P). Q x P e V> 
whence, from the fact that all rj s are similar, 

I- : P e 7] . Q € Ser n . 3 . 3 ! Nr‘Q n RPP. 

Thus an rj contains series of all the order-types composed of terms. 



*274. ON SERIES OF FINITE SUB-CLASSES OF A SERIES. 
Summary of *274. 

In the present number, we shall be concerned with the construction of 
a rational series consisting of the finite existent sub-classes of a progression. 
When the finite sub-classes of a progression (excluding A) are arranged by 
the principle of first differences, the result is a rational series. When they 
are arranged by the principle of last differences, the result is a progression. 
These two propositions, with the consequent existence-theorems, are to be 
proved in the present number. 

We define “P, ” as P cl with its field limited to finite existent classes. 
(For the definition of P cl , see *170 01.) In the present number, we shall be 
chiefly concerned with P n when Pet u, but it has interesting properties in 
many other cases. 

Our definition is 

P, = P cl l (Cls induct — i‘ A) Df. 

We shall be concerned in this number not only with P n , but also with 
Pi c £ (Cls induct-riA). This is Cnv‘(P),,. Thus if we put P = Q, the 
hypothesis that P e fit as used in studying P lc £ (Cls induct — i‘A) is 
equivalent to the hypothesis that Q e ft as used in studying Cnv f Q,, 
i.e . Q,. Thus the study of P cl and P lc with their fields limited to inductive 
existent classes may be replaced by the study of P, in the two cases where 
(1) P e fl, (2) P e fl. The second case is the simpler, and is considered first. 
We have first, however, a collection of propositions which only assume that 
P is a series. 

Since an inductive existent class in a series must have a maximum and 
a minimum, we have 

*27412. h::PeSer.D:.aP^. = : 

a, $ e Cl induct/C'P - i‘A : ( a *) . z e a - @ . a n P‘z =/3 n P‘z 

We have 

*27417. b : C‘P ~ e 1 . D . C‘P n = Cl induct'C'P - / ‘A 
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Whenever P is a series, P n is a series (*274T8). If P has a last terra, the 
class consisting of this last terra only is the last term of P n ; if P has no last 
term, P, has no last term (*274T91). If C‘P is an inductive existent class, 
the first term of P, is C‘P (*274T94); if not, P n has no first term (*274T95). 
Hence if P has no last term, P n has no first or last term, and we have 
D'P, = CPP, (*274‘196). Thus of the characteristics used in defining 77 , 
we have P n eSer whenever PeSer, and D‘P^ = Q f P 1 whenever ~E!P‘P 

We next prove 

*274 22. 

which, in virtue of what was said above, is equivalent to 
P e O . D . P lc l (Cls induct - t‘A) e H, 
that is: The principle of last differences applied to the inductive existent 
sub-classes of any well-ordered series gives a well-ordered series. 

To prove *274 22 , since we already know that P n is a series, we only have 
to prove that every existent sub-class of (PP, has a maximum with respect 
to P,. This is proved as follows. 

Let k be any existent sub-class of Cl induct f (7 f P — t‘A. Consider the 
minima of all the members of k : these minima all exist, because * is 
composed of inductive classes. Then in virtue of the nature of the principle 
of first differences, members of k which have a later minimum come later 
than those that have an earlier minimum. Hence if we consider minp“/e, 
the classes whose minimum is the maximum of minp'bt (which exists, because 
Pe 11) are later than any other members of k. Put 

x x = max P ‘minp“/e . n l = k. r\ minp^. 

Thus k x consists of those members of k which have the largest minimum, 
and members of tc x come later than any other members of k. Similarly the 
latest members of k x will be those that have the greatest second term. 
That is, if we take away the (common) first term from each member of k x , 
and if A x is the resulting class of classes, we have to apply to \ x precisely 
the same process as we have already applied to k. Thus we are led 
to put 

x x = maxp‘minp“«: . k x = k a minp‘# x . X x = (— i f # x )“/c x , 
x 2 = maxp‘minp“\ x . = X x a mirip ^ 2 . 7^ = (— 

and so on. The series x lt x 2 , ... is an ascending series in P, and is therefore 
finite, by *26133. It therefore has a last term, say x y . Then the class 
i‘x x w i‘x 2 yj ... u i ( x v is a member of k, and is easily shown to be its 
maximum. Hence every existent sub-class tt of (7‘P, has a maximum, and 
therefore P, e H. 
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In order to symbolize the above process, we put 

P m ‘ic = maxp‘minp“«: Dft, 

T p ( k = (— t‘P m ‘/e)“(/e n rninp‘P m ‘«) — l‘A Dft, 

M p ‘k = P m ‘<{fp)*‘K Dft. 

Then P m ‘ic is what we called x lf T p ( k is what we called X u {T p )^. ( k is 
the class k, Xj, X 2 , ... X v „ 1? and M p £ k is the class x t! % 2> % 3 , Thus what 

we have to prove is 

M P t K = max {P^Ky 

which is proved in *274-215. 

We prove next 

*274 25. t- : P e a) . D . P, e o> 

For this purpose we use *263’44, namely 

&> = D - An P(d‘P = <3‘P .~E ! B‘P). 

Thus it only remains to prove 

D f (P,) x = D f P,.~E !P‘P„. 

~E!P f P, follows from *274195, and D^P,,^ = D'P,, is proved without any 
difficulty; hence our proposition follows. 

From *274'2517, by substituting P for P, we obtain 
*274 26. h : P e cw . D . P lc £ (Cls induct — t‘A) e tw . 

P‘P Ic l (Cls induct — t‘A) = Cl induct‘0‘P — t‘A 
whence it follows immediately that 
*27427. b : a e K 0 . D . Cl inducts e N 0 . Cl iuducPa — i‘A e S 0 
I.e. a class of N 0 terms contains X 0 inductive sub-classes. 

We now have to prove 
*27433. h :Peffl.D.P, ei? 

In virtue of *274 17*27, we have G l P n e K 0 ; and by *274'18, P, e Ser. 
Thus it only remains to prove P n e comp. D‘P, = Q‘P,. The second of 
these results immediately from *274 196. As for P n e comp, if «P,/3, 

a u fi e Cls induct, and therefore a ! p i P ii {a \j /3) ; but if x e p‘P“(a u /3), we 
have aPyj (/3 u i‘oc) . (/3 u Gx) P n /3 ; hence P n Q Pj. This completes the proof 
that P n e t). 

The proposition holds not only if Pern, but if P is any series which has 
no last term and whose field has terms (*274'32). 

Finally, we deal with the existence of ?? (*274 4—*46). If P e a>, P is 
similar to P lc l (Cls induct — t‘A), by *274-26; and if T is a correlator of 
r. & w. m. 
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these two, PJP,, is an 77 whose field is C‘P (*274’4). Hence the existence 
of •>? in any type is equivalent to the existence of a> in that type (*274‘41). 
Hence we have merely to apply previous propositions on the existence of co. 

*27401. P, = P cl £ (Cls induct — t‘A) Df 
*27402. P m */c = maxp‘minp“/c Dft [*274] 

*27403. T p ‘k = (- i‘P m ( K )“(K n x^in/P^/c) - PA 

Dft [*274] 

*274-04. M P ‘ic = P m “(Tp)%‘K Dft [*274] 

*2741. I-: aP^ft . = . a, ft e Cl induct‘(7‘P - PA . 3 ! a - ft - P“{ft - a) 
[*170-1 . (*274-01)] 

*274'11. hPf Ser . a e Cl imluct'OP - P A . D . E ! min/a . E ! max/a 
[*261-26] 

*274-111. I- : P e Ser . ~ E ! B ( P . a e Cl induct'C'P . D . 3 ! p‘P“a 
Dem. 

h . *274-11 .DI-:Hp.a!a.D. max P ‘« e D‘P . 

[*205-65] D . a ! p*P“a ( 1 ) 

I-. ( 1 ). *40-2.3 h . Prop 

*27412. I-:: P e Ser . D aP n ft . = : 

a, ft e Cl induct‘(7‘P - P A : ( 32 ) .zea — ft .an P‘z = ftn P‘z 

Dem. 

1-. *170-2 . D 

I-a,/9eCl induct'OP - PA ; (rz) .zea-ft.a n~P‘z = ft n~P‘z : D . aP^ft ( 1 ) 
l-.*274-11.31-:Hp.aP l/ e.D.E!min/{a~/e-P ff (/3-a)) . 
[*17023.*205-192] 1 .(^z).zea-ft .an~P< z = ft nP‘ z (2) 

h . ( 1 ). ( 2 ) . D I-. Prop 

*274-13. I-. P lc C (Cls induct - PA) = Cnv‘(P)„ [*170-101. (*274 01)] 
*274-14. h :: PeSer. D a {P lc £ (Cls induct - PA)} ft. = : 

a, £ e Cl induct'C'P — PA : ( 32 ) . z eft - a.an P‘z = ft n P*z 
[*27412-13] 

*274-15. f-: a, 78 e Cl induct‘C"P - PA . ft C a . ft + a . D . aP„£ 

[*170-16 . *2741] 

*274-151. f-: a e Cl induct‘C‘P - 1 . « e a . D . aP^Px) [*274-15] 
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*27416. H:g[!P I} . = .(7'P~ e 0wl 
Bern. 

1-. *2741. 3 f-: &! P„. D . g ! C‘P (1) 

I-. *274151. 3 h : C‘P~€ 0 w 1.3 . a ! P„ (2) 

h. *60-38. 3f-:C‘Pel O . ~(a«,£) . a,/3 e CPC'P-t‘A . a ! «-£ . 
[*2741] 3.P„ = A (3) 

I-. (1). (2). (3). 3 h . Prop 

*274*17. I-: C‘P ~ e 1. 3 . <7‘P„ = Cl induct‘C‘P - t ‘A 
Bern, 

f-. *274*151 . 3 h . Cl induct‘(7‘P - t‘A - 1 C D‘P„ (1) 

f-. *274*151 .31 -ixeC‘P .C‘P^i‘x.D.i‘xe a ‘P, (2) 

h.(2). DhHp.D.CWPnlCa'P, (3) 

I-. (1). (3). 3 I-: Hp. 3. Cl induct‘C"P - i‘A C C"P n (4) 
I-. (4). *274*1. 3 I-. Prop 


*274171. I-: P 2 G P. xPy . 3 . (i‘a?) P„ (t‘y) [*274*1] 

*274*18 h : P € Ser. 3 . P, e Ser 

Bern. 

f-. *201*14. 3 

—* —* —* _ 
h :. Hp .zea — j3 .W€ ft — 7 .an P l z = fir\ P‘z . ft r\ P‘w = 7 n P‘w . 3 : 

■sPw .D.irea — 7 . an P*z = 71-1 P‘z (1) 

h . *201*14.31-:. Hp ( 1 ) . 3 : wPz .3 .wea — y.an P‘w=y n P‘w (2) 

I-. ( 1 ). ( 2 ). *202*103 . *27412.3 f-: Hp. aP,/9 . /3P, 7 .3 . aP „7 (3) 

K *27411.3 

1-: Hp . a,/9 e Cl induct'OP — t‘A . a ^ • ( 3 >) • z ~ ra i n P* {(« “ ft) w (^ -ot )} ■ 
[*20514] 3 . (qz) . z e (a - /3) u (/3 — a) . a n P‘n = /3 n P‘z . 

[*27412] 3.a(P„c/P,)j8 ( 4 ) 

I-. (3). (4). *170*17. 3 h. Prop 

*27419. I- : P e connex .P*<iJ. 3. 1?P, = t“P‘P 

Bern. 

f- . *274*151. 3 h . Cl induct‘C"P -1 C D‘P„ (1) 

K *274*171. 3 I-: Hp. 3. t“D‘P C D‘P„ ( 2 ) 

I-. (1). (2). *27417.3 I-: Hp. 3. P‘P„ C i“~B‘P ( 3 ) 

1-. *202 524.3 

I-: Hp . x<i~B‘P . / 3 eCl‘C"P- t‘A . e /3 . 3 . * e P“(ft - i f x) 


( 4 ) 
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K(4) - =) 

I-: Hp . m e OP . 3 . ~(g/S) . £ eCl inducPOP- PA . g ! Pa-/3-P“(/9-Ptf). 
[*274*1] 3.Ptf~eD‘P, (5) 

I-. (5). *27417 . 3 f- : Hp . 3 . P‘OP COP, (6) 

I- . (3) . (6). 3 h . Prop 

*274191. h :. P e connex . P 3 C / . 3 : E ! OP. 3 . OP, = POP : 

~ E ! OP . 3 . OP,=A [*27419] 


*274192. h :. P e connex . P 2 G / . 3 : E ! B ( P . = . E ! OP, [*274191] 

*274193. I-. OP, = POP n (Cls induct - PA - 1) 

Dem. 

I-. *274151. 31-: OP e Cls induct - PA - 1 .3 . OPeOP, (1) 

I-. *2741617. 3 h : OP ~ e (Cls induct - PA - 1 ). 3 . OP - e OP, ( 2 ) 

4. *27415. 3 I - : a e Cl inducPOP — PA . x e OP — a . 3 . (a w i‘x) P,a (3) 

h . (3). 3 h . Cl inducPOP - PA - POP C d‘P, (4) 

h. (4). Transp. *2741.31-. OP, C (Cl inducPOP - PA) n POP (5) 

h. (5). *27416. 3 K OP, C (Clsinduct-PA-l)n POP ( 6 ) 


I-. ( 1 ). (2). ( 6 ). 3 1-. Prop 

*274194. f-: OP e Cls induct - PA -1.3 . OP, =» OP [*274193] 
*274195. 1-: OP ~ e Cls induct. 3 . OP, = A [*274193] 

*274196. 1-: P e Ser . ~ E ! OP . 3 . D‘P, = d‘P, 

^ K *274192. 3 f-: Hp . 3 . OP, = A ( 1 ) 

1-. *27419516 . *261 24.3 1-: Hp . 3 . OP, = A (2) 

I-. (1) . (2). 3 1-. Prop 

The following propositions give the proof of P<? fl. 3 . P, e Q (*274*22). 

*274-2. 1-: P e d . * C OP,. a ! * . 3 . E ! P m ‘« . P m ‘* € min P “* 

[*274-1-11 .*250-121 .(*274-02)] 

*274-201. 1 - ;/3e T p ‘k . = . (ga). a e k . minp'a = P m ( K . /9 = a - PP m ‘* . g ! 0 
[(*274-03)] 

*274-202. h : E! P m ‘« . 3 . E! ? P ‘/c [(*274‘03). *14 21 ] 

*274203. I-Hp *2742.3 : T p k = A . = .«n minp‘P„//c = PPP,P/e 
Dem. 

I-. *274-2-202.3 

H ::Hp.3:.7 T p t K=A.= :~(gof,/3).or e k . niirip‘a = P m ‘ic . /3 = a — PP m St. g ! /3: 
[*13*191] =: ae k t\ minp f P„//c. 3 a . a — i t P m i K= A : 

[*274-2] ^ : a e k n minp‘P M f * . = a . a = PP^'/e :: 3 h . Prop 
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*274-204 V : « C CP,. «(P P )*X . D . X C C‘P, 

Dem. 

1- .*120-481 .*274-201. D h : * C Cls induct. E ! T p ‘k . D. P/« C CLs induct ( 1 ) 
b . *274-201 . D t-: k C CV&P . E! T p ‘k . D . P P ‘« C C1‘C‘P - PA ( 2 ) 

I-. (1). (2). *274-16 . D f-: * C OP,. E ! P/k . D . T P ‘tc C OP, ( 3 ) 

h . (3) . Induct. D h . Prop 

*274205. f-: Pe Ser . E ! P m ‘P/X . D . (P m ‘X) P(P m ‘?p‘X) 

Dem. 

f- . *274-201 . *205-21 . Z> f-: Hp . /3 e P/X . D . /3 C PP m ‘\ (l) 

h . *205-11 . (*274-02) . D f- : Hp . D . P m ‘P/X e s‘P/X (2) 

h - ( 1 ). ( 2 ) -DP. Prop 

*274-206. 1-: Hp *274 205 . * (P P )*X. D . ( P m ‘ k) P ( P m ‘T P ‘\) 

Dem. 

b . *14-21. (*274 02). D f-: E ! P m ‘P/X. D . E ! P m ‘X (1) 

h.(l). Induct. ^h:Hp.3.E! P m ‘« (2) 

h . (2). *274*205 . Induct .UK Prop 

*274207. I- : P e Et. «■ (P P )*X . P OT ‘X = ma x p ‘M p ‘k . D . 

~ E ! P m ‘T P *\ . P/X = A 

Dem, 

I-. *274'205 . Transp . D f-: Hp. D . ~ E! P m ‘T P ‘X . 
[*274-204-2.Transp] D . P/X = A:>. Prop 

*274208. h.PeQ.«CCP,. a !«.D: 

A e (P P )£*«:: (gX) . k (P P )*X . X n min P f P m ‘X = i‘i ‘P m ‘ X . P p ‘X = A 

Dem. 

1-. *250-121 . D h : Hp . D . E! ma x p ‘M p ‘k (1) 

b . (1). *274-207-203-204 . D f-. Prop 

*274-21. h : /3 e P/* . D . /3 w PP m ^ e * [*274 201] 

*274-211. h : * (P P )*X. /3 e X . D . /3 w P m “P P (* h- X) e * 

Dem. 

b . *274-21 . D I-Hp : /3 c X . Dp . y3 u P m “T P (tc i— X) e k : D : 

7 e P P f X . D y . 7 P m “P P (k i— P p ‘X) e « (1) 
f- . *274-21 . ( 1 ). Induct. D b . Prop 
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* 274 - 212 . O.M p 1 k€k 

Bern. 

h. *274-208-21 1.3 

h : Hp . 3 . (3X).*(Pp)*X . T P ‘\ = A . t‘P„/X eX . v P m “T P (fc\—\) e/c. 

[*121*103] 3 ..( 3 X). P m “Tp(* hA) e * . P m “P P (* h\) = P»,“(PpV* : 

3 l- . Prop 


*274*213. f-: P e Ser. « C C'P,. a e * . « (Pp)*X. P‘P m ‘X n M p ‘k C a . 3 . 


Bern. 


a — ( P*P m ‘\ r\ M p ‘k) e X 


I-. *274*201.31-: Hp . * = X. 3.. a — (P t P m i \ r\ M p k) — a. 

[*13*12] D.a-(P‘P m ‘\nM P ‘K)6K (1) 


h . *274*206.3 

:. Hp : £ e /c. ~P‘P m * X n Jfp‘* C £.3* . £ - (P‘P m ‘ X n jtfp‘«) e X : 3 : 

/9 e * . P*P m *T P f X n i/p** C/3.3 . P f P m f X n i/ P ^ C yS. P TO f X e/3 . 


{/3 - (P‘P TO ‘X n Af P ‘*)} e X . P m ‘X e {£ - {P‘P m ‘\ n M p ‘k)} . 
[*274*201] 3 . {£- (P‘P m ‘X n Jf/*) - 1 ‘P^X} e ? P ‘X . 

[*274*206] 3 . {£ — {P t P m t 'r P t X n M/*)} e ?/X (2) 

I-. ( 1 ) . (2) . Induct .31-. Prop 


*274*214. I-: P e Q . * C C"P„. a e * - Pilfp'* . 3 . aP^M^/c) 

Bern. 

I-. *274*212 . 3 I-:. Hp. 3 : M p ‘k e CIs induct: U) 

[*170*16] 3 : M p ‘k C a. 3. aP^MPtc) ( 2 ) 

f-. *27411. (1). 3 h : Hp . 3 ! M p 1 k - a. 3. E! minp‘(Jfp‘* - a). 

[*205*14.(*274*04)] 3 . ( 3 X) . * (P P )* X . P m ‘X ~ «■ a . P‘P m ‘X n M p ‘k C a . 

[*274*213] 3.( a X)./c(Pp)^X.P m f X~ea.a — (PT m ( Xn M P l K)e\ . 

P*P m ‘X n M p ‘k C a . 
—► 

[*274*201] 3 . ( a X, z ) . k (T p )% \*z = minp f {a — (P f P„/X n M P ‘tc )). 

zP ( P m ‘\). P‘P m ‘X n M p ‘k C a . 
[*3118] 3 . (rz) . z e a - itfp‘* . M p ‘k n~P'z C a . 

[*170*11] 3.«P r) (#//c) (3) 

I-. (2). (3). 3 I-. Prop 

*274*216. I-: PeH . « C P'P,. 3 ! * . 3 . M p ‘k = max (P,)‘* [*274*212*214] 
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*27422. h:Pen.D.P„en 
Dem. 

h . *274-215 . D h : Hp . D . E !! max (P,)“C1 ex'C'P,. 

[*250125] D . P n e fl: D (-. Prop 

The following propositions constitute the proof of 
P eG >.D.P„ea> (*274-25). 

*274*221. (- :P eSev . P*maxp‘aeClsinduct. ae G1 indue t‘C‘P — PA — PB‘P. 

<— 

/3 = (a - Pmaxp'a) w P'maxp'a. D . «P,/3 


Dem. 

h. *205*55 . D h : Hp . B { Pect. D . g ! a— Pmaxp'a (1) 

h. *202-511 . Dh:Hp.P‘P~ea.D.B^eP‘maxp*« (2) 

h. *93-101. Dh:Hp.~E!B‘P.D.g!P‘maxp‘a (3) 

I" ■ (1) • (2). (3). D h : Hp . 3 . g ! £ (4) 

f- . *120-481'71. D (-: Hp . D . $ e Cls induct (5) 


h .*205 21. *200*361 . D h : Hp . D . $ ft P'maxp'a = an P'maxp'a ( 6 ) 
I-. (4). (5). ( 6 ). D h : Hp. D . a, £ e Cl induct'C'P - 1 ‘ A. maxp'a e a -/?. 

aft P‘maxp‘« = j3n P'maxp'a. 

[*274-12] D . aP,/3: D h . Prop 

*274*222. h : Hp*274221 . aP „7 . raaxp‘af 7 . D . /9P , 7 
Dem. 

—► 

h . *274-12 . D (-: Hp . D . (gs). z e a - 7 . z maxp'a . a ft P^ = 7 ft P‘z . 
[*201 - 14.*205-21.Hp] D . faz) .ze/3— 7 . /3 ft P‘z = 7 ft P‘.z . 

[*274-12] D . £P ,7 : D h . Prop 

*274*223. h : Hp *274-221 . aP ,7 . maxp'a ~ e 7.7 + yS. D . / 3 P ,,7 


h . *274-12 . D (- :. Hp . D : (gz) .ze a — 7 - Pmaxp'a . a n P*z = 7 r> P‘z . v . 


a r\ P‘ma,xp*ct = y ft P'maxp'ot 

h. *201-14. *205-21 .D 

h :. Hp : (g^) .zea — 7 — t'raaxp'a . a ft P r £ = 7 ft P‘z : D . /3P,7 
I-. *205-21 . D I-: Hp . a r» P'maxp'a = 7 n P'maxp'a . D . 

« - Pmaxp'a = 7 ft P‘maxp‘« 
h . *202101 . D h : Hp . D . 7 C P'maxp'a u P<maxp‘a 
h . (3). (4) . D I- Hp . a ft P‘maxp‘a = 7 ft P'maxp'a. D : 7 C £ : 
[*17016.(*27401)] D: 7 =[/9.D.y3P,7 

h . (1) . (2) . (5) . D h . Prop 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 
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*274224. h : Hp*274-221. «P„ 7 . /3 + 7 O . £P, 7 [*274-222-223] 

*274 23. f- : Hp *274 221. Z>. « (P,\ 0 [*274-221-224 . *204-72] 


*27425. hrPewO.P.eto 
Bern. 

h . *274-2216 . D (-: Hp . D . P„ e fi - PA (1) 

(-.*274*191 17 0 

1-: Hp . a e D‘P,O . a e Cl induct‘C‘P - PA - Jb*P (2) 

(-.*263-412 .*27411 . D 

I-: Hp . a eCl induct*C‘P - PA . D . P‘max P ‘ae Cls induct (3) 

h.(2) . (3) . *274-23 . D f-: Hp . a e D‘P„ .D.cce D‘(P,X (4) 

h ..(1). (4). *274-196 . *121-323 . D 
(-: Hp O . P„ e H - PA . D‘P„ = BW, . ~ E ! B‘P n . 


[*263-44] D.P,6uOh . Prop 
*274*26. (-: Pe w . D . P lc £ (Cls induct 

Bern. 


i‘A)ea>. 

C‘P lc l (Cfs induct - PA ) = Cl inducPOP - PA 


h . *274-13 Oh:Q = PO.P l0 £ (Cls induct - PA) = Q n (1) 

h . *274*25 0(-:Pew.Q = P0.Q,efi> (2) 

h . *274 17 0(-:Pea>.£~P0. = Cl inducWP - PA (3) 

I-. (1) . (2) . (3) O I-. Prop 


*274'27. h : a e K 0 O . Cl inducPa e N 0 . Cl inducts — PA e 
Bern. 

I-. *263101 O (-: Hp . D . (gP). P e to . « = C‘P . 

[*274"26] D . (gil/) . Me w . Cl inducpa — PA = C*M . 

[*263101] D . Cl inducts — PA e . (1) 

[*123'4] D. Cl inducPa e (2) 

(-.(1). (2) Oh. Prop 

The following propositions constitute the proof of 
Peo)O.P, £ ij (*274-33). 


*274-3. f-: P e Ser . aP,/3 . e p‘P“(a u /3) O . aP„(/3 u P&). (/3 u i‘x) P„/3 

Bern. 

(-.*200-53. DhHp.^aO.(3np2 = (j3u t ‘ a! ) rt A (1) 

h . *200-5 . D h : Hp .2ea-/30.^ea-(j3u P#) (2) 

K (1). (2). *274-12 Oh:HpO. aP„(/3 u PP) (3) 

h.*200-5.*170-16. DhHpO.^uP^P,^ (4) 

I-. (3). (4) O 1-. Prop 
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*274*31. h : P e Ser . ~ E ! B‘P ,3.P,£ Ser n comp 
Dem. 

I-. *274*1. *120-71 . 3 h: aP,£. 3 . a v, 0 e Cls induct - l‘A (1 ) 

h . (1). *274-11 . 3 h : Hp . aP^fi . 3 . E ! maxp ( (a u 0). 

[*93103] 3. g ! P'maxp^a u 0). 

[*205-67] D . 3 !p‘P“(a u 0 ). 

[*274-3] 3.aP, 2 /? ( 2 ) 

b.(2) . *27418 .3b. Prop 

*274-32. b : P e Ser r> C“N 0 . ~ E ! P‘P . 3 . P, e v 
Dem. 

I-. *274 31 . 3b: Hp . 3 . P, e Ser n comp ( 1 ) 

I-. *274196 . 3 b : Hp . 3 . D‘P„ = CPP n (2) 

b. *274-27-17 . 3 b: Hp . 3 . C'P, 6 N 0 (3) 

l-.(l)-( 2 ). (3). *273-1.3 1-. Prop 

*274-33. b : P e w . 3 . P, e n [*274 32 . *263*101-11*22] 

This is the principal proposition of the present number. 

*274‘34. h:aeN 0 .3.a!^A C‘(C\ inducts - t‘A) 

Dem. 

b . *263101.3 (-: Hp . 3 . (gP) . P e a>. C‘P = a . 

[*274-33-17] 3 . (gltf) .Me V . (PM = Cl inducts - P A : 3 b . Prop 

The following propositions are concerned with the existence-theorem 
for t). They all follow from *27433. 

*274-4. b : Pe® . 5T= PPsmor {P lc £ (Cls induct -i‘ AM. 3 .riP,ei;rt (WP 
Dem. 

h. *274-26-17. 3b:Hp.3.CPr=C , ‘P, (1) 

b.( 1 ). *151-11131.3 I-: Hp . 3 . PJP, smor P,. C'PJP, = C‘P. 
[*274-33.*273‘41] 3 . TiP, e n . C*PSP, = C‘P: 3 b . Prop 

*274 41. h : g ! a> r» t‘P . = . a • V « t‘P 
Dem. 

b . *274-4. 3 h : Q e u> * VP . 3 . ( a P ). Re v . C‘R = C‘Q. 

[*64*24] 3. a lynt‘P (1) 

I-. *273-11.3 h : R e V a t‘P . 3 . (a Q) . Q e « . C‘Q = C‘R . 

[*64-24] 3 . a ! « a i'P ( 2 ) 

I-. ( 1 ) . (2) . 3 (-. Prop 

*274 42. b : a e N 0 .3 . a ! v « [*274-4 26 . *263 17 . *250 6 . *263-101] 

*27.4-43. h . N 0 = G“ v [*273-1. *274-42] 

*274*44. b: a ! N 0 rt t‘a . = . a I v n t^a [*263131. *274-41] 

*274*45. h:a!No(a?). = .a!^n« 1 ,< a; [*263-13 .*274-41] 

*274-46. b : Infin ax (x ). = . a ! V « [*263132 . *274 41] 



*275. CONTINUOUS SERIES. 


Summary of *27 5. 

The definition of continuity to be given in this number is due to Cantor. 
A different and not equivalent definition was given by Dedekind: series 
which are continuous in Cantor’s sense are also continuous in Dedekind’s 
senSe, but not vice versa. Cantor’s definition has the advantage (among 
others) that two series which are continuous in his sense are ordinally 
similar, which is not necessarily the case with series that are continuous in 
Dedekind’s sense. Dedekind’s definition of “continuous series” is, in our 
language, “series which are compact and Dedekindian.” Cantor’s definition 
(after a certain amount of simplification) is “ series which are Dedekindian 
and contain an N 0 as a median class.” In the case of the real numbers, the 
rationals are a median class of this sort. 

An equivalent definition to the above is that a continuous series is a 
Dedekindian series whose converse domain is the derivative of a contained 
rational series (*275*13). 

Following Cantor, we shall use 0 for the class of continuous series. 

In what follows, we prove first that the series of segments of a rational 
series is a continuous series, i.e. 

*275*21. b-.Pe V .D.s‘Pe0 

The contained N 0 is P“G‘P. The proposition follows at once from 
*271*31. On its importance, see remarks on *275*21 below. 

From this proposition, it follows that if y exists in any type, 0 exists in 
the next type (275*22), whence the existence of 0 in sufficiently high types 
follows from the axiom of infinity (*275*25). 

To prove that any two continuous series are similar, we use *271*39. By 
the definition, if P and Q are continuous, they contain respectively two 
median classes a and ft, such that P £ a and Q £ ft are rational series. Hence 
by *273*4, P^asmor^/?, and therefore P sraor Q, by *271*39. Also 
obviously Pe0 . P smor Q . D . Q e 0. Hence 

*275*32. h:Pe0.D.0 = Nr‘P 

and 

*275 33. V .0 e NR 
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*275 01. 0 = Ser a Ded a med“N 0 Df 

*275"1. K :Pe0 . = . P e Ser a Ded . g ! N 0 a med'P 
[(*275-01)] 

*27511. h:.Pe6L = :P e SerADed:(ga).aeN 0 .6/a = (I‘P.«CC , ‘P 
[*275-1 .*271-2] 

*27512. h :: P e 0 . = P «■ Ser a Ded(g«): a e N„: 

aPy . . g ! a a P (a - </): a C C‘P [*275*1. *271*1] 

*27513. h:.Pe£?.= :Pe Ser a Ded : (gP). jRGP.jReij. S P ‘C‘R = d‘P 
Dem. 

h. *2731 . *271-2.3 

h : P e Ser a Ded . P G P . P e i?. & P t C t R = CPP . D . C"P e N 0 ■ G i R e mecPP . 


[*275-1] O.Pe$ \l) 

h.*271-16. Dh:«medP./9 = anD‘P*a‘P.D;£medP. (2) 

[*271*15] D.Pt/3ecomp (3) 

h . *12317 . D h : Hp (2). P e Ser.« e N 0 a CPC'P. 3. £ e N 0 a Cl'C'P (4) 
h . *271*1. 3 h : £ metl P. 3. P“/9 = D‘P . P“/3 = <3‘P (5) 

h . (5). *37-41.(2). D h : Hp(2) . D . D‘(P ££) = /?. <I'(P £/?) = £ (6) 
I-. (3). (4). (6). *273*1. D I-: Hp (4). D. P £ £ e i? (7) 

h . (2). *271-2. D h s Hp (4). D. VC‘(P t &) = H‘-P ( 8 ) 


h . (7) . (8). *275*1 . D h : Ped. D . (g£) . P £ /3 eiy. 8p‘0%P £ £) = CPP (9) 
h . (1) . (9) . 3 h . Prop 

*27511 h . 0 = Cn\“0 
Dem. 

—> 

1-.*21414 .*271-11. D h : PeSer a Ded. aeN 0 a med‘P. = . 

Pe Ser a Ded . ae N 0 a mecPP (1) 

h. (1). *275-1.3 h. Prop 

*275 2. h : P e i?. D . s'P e Ser a Ded . P“C‘P e N„. P“C"P e n^d VP 
Dem. 

(-.*214*33. D (-: Hp . 3 . s*P e Ser a Ded (1) 

h . *204-35 . D 1-: Hp . D . P“C"Psm C‘P. 

[*273 - l.*123*321] D . P“C‘P e N 0 

(-. *27131. *2731. D h : Hp . D . P“C‘P e n^ed VP 
h.(1).(2).(3).D h . Prop 


( 2 ) 

(3) 
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*275-21. b:Pe V .3.$‘Pe8 [*275-21] 

This proposition is of great importance, particularly in the theory of real 
numbers. We shall define the real numbers as segments of the series of 
rational numbers, in order to be sure of their existence. Thus if P is the 
series of rational numbers, $‘P, which may be taken to be the series of real 
numbers, is continuous. If P is the series of rational proper fractions, 
excluding 0, s*P is the series of real proper fractions together with 0 and I: 
this series is continuous in virtue of the above proposition. 

The above proposition is also useful as enabling us to deduce the existence 
of 8 li-om that of i), and thence from that of N 0 , and thence from the axiom 
of infinity. A rise of type is, however, required for the existence-theorems, 
which are given in the following propositions. 

*275-22. h : g ! v a t w ‘a. D . g! 8 « t n ‘a 

Dem. 

h . *64-55 . D h : a ! t; n t^a . D . (gP) .Pei). C‘P C t 0 ‘a. 

[*63-371] D . (gP) .Pe v .C‘Pet‘a. 

[*275-21] D. (gQ) .Qe8.C‘QCt‘a. 

[*6457] D . a 1 8 n t iu w i D h . Prop 

*275-23. I-: a ! K « t‘a . D . a 1 0 a t' u a [*274-44. *275-22] 

*275-24. I-: a ! « 0 (*) ■ 3 • 3 I 0 « f*‘x [*275-23 . *64-31-312 . (*65-02)] 

*275-25. I-: Infin ax (x ). 3. a ’• 0 n t 41 *# 

Dem. 

h . *123-37 . D h : Hp . D . a ! (t*<x) • 

[*275-24] D.g 

[*64-312] D . a ! 0 * : D h . Prop 

*2753 h : P,Qe 8 .D . P smor Q 
Dem. 

h . *275-13 . D I-Hp . D : P, Q e Ser n Ded : 

(aP, S).R,8ei).RQ.P.SQ.Q. C‘R e med'P . C‘& e med‘Q : 
[*204-41] D : P, Q e Ser Ded : (g«, fi) • « med P. $ med Q.Pfca, Qt @ € V : 
[*273-4] D :P ,Q e Ser Ded : (g«, £). a med P. £ med Q .(P £ a) smor (Qt 13): 
[*271*39] D : P smor £):. D h . Prop 

*275 31. h : P e 8 . P smor Q . D . Qe 8 
Dem. 

I-. *271-4 . D h: P smor Q . g ! N 0 n med‘P. D . g ! N„ n med'Q (1) 

1-. *204 21 . *214-6 . D (-: P e Ser n Ded . P smor Q . D . Q e Ser ri Ded (2) 
h. (1). (2). *275-1 .Dh. Prop 
*27532. h:P6d.D.d = NPP [*275-3-31] 

*275-33. I- . 8 e NR [*275 32 . *256 54] 



*276. ON SERIES OF INFINITE SUB-CLASSES OF A SERIES. 
Summary of *276. 

The subject of the present number bears the same relation to d as that of 
*274 bears to y. We shall consider, in the present number, the arrangement 
of all the infinite sub-classes of a series (together with A) by the principle of 
first differences, i.e. the relation 

P ol l (— Cls induct v PA), 

where P is the given series. This relation we will call P 9 . It consists 
of P cl with its field limited to terms not belonging to 0‘P^ (*276T2). It 

will (under a certain hypothesis) contain a part similar to P,, namely P c] 
with its field limited to complements of finite sub-classes of OP. Hence 
if Pea), P 9 will contain an y, whose field is composed of the complements 
of members of C‘P n (*276*2). The field of this y will be a median class of P 9 . 
We shall find, also, that P e e Ser,if Pe fl. (*276T4), and P g e Ded, if Pe H infin 
(*2764). Hence 

*27641. h:Pea>.D.P e e0 

Also, since Pea>.D.Cl‘OPe2 So , and since O'P,eN 0 , we shall have C‘P 9 e 2 N<> 
(*276*42). This result is important, since it gives the proposition 

*276*43. h . C“0 = 2*° 

The proof that P 9 is Dedekindian if P is an infinite well-ordered series 
is somewhat complicated. We proceed by proving that every sub-class of 
G t P g has a lower limit or a minimum. In this proof, we observe first of all 
that 

G ( P = B‘P 0 .A = B‘P 0 (*276121). 

Hence C‘P is the lower limit of the null-class, and A is the minimum of PA ; 
also if k is any existent sub-class of C‘P 9t other than PA, we have 

limin (P 9 Yk = limin (P 9 )‘(ac - l‘A). 

Hence if we can prove 

k C C f P 9 . a ! k . A ~ e k . D* . E ! limin (P 9 )Lt (A), 

Cl ex‘C‘P 9 C (Plimin (P 9 ), 


we shall have 
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whence, by *214‘12T4, we shall have P fl eDed. Thus we have to prove (A), 
i.e. k C D‘P 0 . a ! k . . E ! limin (P e )‘«, which is *27639. To prove this 

proposition, consider min/(5 f « — p‘/c). This exists unless «el; it is the 
first term which belongs to some members of k but not to others. Those 
members of k to which it belongs precede (in the order P e ) those to which it 
does not belong. Let us call those to which it belongs Tp‘ic, so that 

A <“ 

Tp = k\[\ = k r\ e‘mines'* — p**)]- 
Put also P m f K = rain P ‘(s*K — p‘«) Dft, 

^ 4 — 

so that we may put T p ( k — k n e i P m t K Dft. 

Then if we put A = k\(X C *. X 4= K )> Tp and A fulfil the hypotheses of *258, 
and we have 

A ( Tp,K)e£l. 

The series A ( T P , k) proceeds to smaller and smaller sub-classes of k, of which 
any one, say X, consists of terms which come earlier (in the order P 6 ) than 
any other sub-class of k not belonging to X. By *258*231, the series A (T P , k ) 
has an end, namely 

p‘(Tp*Ayic. 

If this is not null, it must consist of a single term, which will be the minimum 
of k (*27 6*33). But if it is null, we proceed as follows. Put 

P«‘* = s‘Q {(gX) • X e (T P *A )‘k . 7 = p‘X * P‘P m ‘XJ Dft. 

Then P t /« will be the lower limit of k. 

In the first place, we easily prove that, since j9 f (Tp*A) r « = A, if 
Xe(2j»*A)‘#-L‘ A, 

Pm l X and T P ‘X both exist (*276 341). Hence every member of k has 
predecessors in k , and k has no minimum. In the second place, we show 
that 

X {A (T P , k)} ft . a ! ft . D . ( P m ‘X ) P (P m V) (*276-34-342), 
and that a e X . D . p‘X r> P‘P m ‘X = a nPP m ‘\ (*276353). 

Hence we find that 

X [A ( T P , *)} p. a € p . D . p‘X * P‘P*/X =p t p n P c P m ‘X = a r\ P‘P m ‘X . 

D . p‘X nPP m ‘\ C p‘p nPP.V . 

( p‘p * P‘Pm‘p) r» P‘P m ‘X = p‘X n P‘P m ‘fl, 

whence it follows that 

X 6 (T p *A)‘k -1‘A . D . p‘X a P‘P m ‘X = P tl ‘« n P‘P,/X, 
whence, by what was stated above, 

X e (: T P *A)‘ie . a e X . D . a r> P‘P m ‘X = P tl ‘ic r\ P‘P m ‘X (*276354). 
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Again, if ae/c, the product of all the members of ( Tp*Ayic to which a 
belongs is a member of ( T p *A)‘k to which a belongs, but if we call this 
product X, P m ‘X~ea (because, if P m ‘\ea t cte T P ‘\, which is contrary to the 
definition of X). Hence we have 

a <• k . D . (P tt ‘*) P 0 « (#276-36). 

It only remains to prove 

(P t /«) P*/9. D. (a a) .«e*. «P*/3 (#276*37). 

By the hypothesis, and the definition of P tl ‘ic, we have 

(a z, X) . X € ( Tp#A)‘fc . zep‘\ r\ P‘P m ‘\ — /3 . P tl ‘« r\ P‘z = @ r» P^. 

Since this involves E! P„/X, it involves X 4= A, hence, by what was stated 
above, it involves 

(3 z, X, a) . X e (Tp*A)‘k . a e X . z e a r\ P'P OT ‘X — fi . P a e K r\ P‘‘z = @ n P‘z . 

—> —> 

Hence we obtain r> P^ C P tl ‘*r n P‘P m ‘X, 


and 


P tl ‘*r.P‘P m ‘X = ««P‘P m ‘X, 


whence £ a P‘z C a. 

Hence, by *170*11, we have aP 0 /3. 

This completes the proof of P tl ‘ie = tl (P e )‘fc (#276*38 ). Hence, combining 
the two cases, we find that k has a minimum if a \p‘{T P *AyK, and a lower 
limit if ~a ! pXTp*A) f K. Hence E ! limin (P 9 )'/c, in either case (*276*39). 

This completes the proof of P#eDed if PeHinfin. 


#276*01. Pe = P c t t (— Cls induct t‘A) Df 

*276*02. A = a/3(/3 C a . £ * «) Dft [*276] 

*276*03. P m ‘\ = mm P ‘(s‘\-p‘\) Dft [*276] 

*276*04. T P = X£ {p = X **7‘P m ‘\ j Dft [*276] 

*276*05. P a ‘ K = s‘$l(n\).\e(Tp*Ay K -i‘A.y=p‘\n~P‘P m ‘\} Dft [*276] 
*276*1. h :aP fl /9. = . a, 0 e (Cl ‘C‘P- Cls induct) v i< A . a 1«-£ ~ P“(£ ~ «) 

[*170*1. (#276*01)] 

#276*11 h :: P e n . D aP fl /3 . = : at, fi e (C VC'P - Cls induct) v t‘A : 

(a z).zea-p.<iKlP‘z = 0«~P‘z [*251*35 . (*276*01)] 
*276*12. h : C‘P ~ e 1. D . P d = P cl £ (- C'P,) [*274*17 . *2761 . *170*1] 
*276*121. h : G t P ~ e Cls induct. D . 

P‘P fl = A . B‘P fl = C‘P . (7‘P, = (C1‘0‘P - Cls induct) v i‘A 
[*170*31*32*38. (*276*01)] 
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*276122. h : C‘P~e Oul.D. C'P, v C‘P e = C1‘C‘P [*276 121. *27417] 
*276123. h : C‘P~e Cls induct. = . g ! P* [*276'M2l] 

*27613. h : C‘P~e Oul.D. Nc'C'P, + 0 Nc'C'P* = 2 Nc<c ^ 

[*276-122. *116-72] 

*27614. l-:P<?n.D.P*eSer [*25136. (*27601)] 

*276-2. h : P f cb . D . (C‘P -)“(C1 inducPC'P - PA) 6 N 0 n n^d'P* 

Dem. 

h . *24-492 . D 1-. (C‘P-)“(C1 induct'C'P- PA) sm (Cl inducPC'P -PA) (1) 
I-. (1). *274-27 . D h : Hp . D . (C‘P -)“(C1 induct‘C"P - PA) 6 N 0 (2) 

(-. *200-361. *263-47 . D 

I-: Hp. aP 6 ft .zea — ft . anP‘z = ft n P‘z.y = (an P%‘z)uP‘min P ‘(an P‘z). 

, <— —> 4 — —> 4 — 

D . minp‘(a r> P‘z) ea — y .an P*minp‘(a n P‘z) = y n P'minp^anP^) . 


z ey — ft .y n P f z — an P f z = ft n P‘z .y~ € Cls induct. 

[*27611] D . aP e y . yPgft (3) 

h . *263-47 . D (-: Hp (3). D . C*P - y e Cls induct (4) 

H . (3). (4) .*276-11. D 

1-: Hp . aP e ft . D . ( 37 ). C‘P — ye Cls induct. aPgy . yPeft (5) 

I-. *120 71. Transp . D 

h : Hp . a e Cl inducPOP — PA . D . (C‘P — a)~ e Cls induct ( 6 ) 

H . ( 6 ). *276121 . D b : Hp . D . (C‘P -)“(C1 inducPC'P - PA) C G‘Pg (7) 

h. ( 2 ). (5). *271-1. (7). Dh. Prop 

The following propositions constitute the proof of 
P e H infin . D . P 6 e Ded (*276’4). 


*276'3. 1- E!P f /X . D : a e T P ‘\. = .ae\ .P m ‘\ea'.P m ‘\ = min P ‘(PX — p‘\) 

[(*276-0304)] 

*276-301. h : Pe H . X C C1‘C‘P - PA . X~ 6 0 ul.D.E! P m ‘X. E ! T P ‘\ 

Dem. 

f-. *40-12-13 . D\':.p‘\ = s‘\.3:a,fte\.X, fi ' a = ft (1) 

1* ■ (1) ■ Transp . *40-23 . D b : Hp . D . g ! s‘x — p*x . 

[*250"121] D . E ! minp^P/t — pV): D h. Prop 

*276 302. h : E ! P m ‘\ . Z) . P m ‘X 6p‘?p‘X - p‘X [*276‘3] 

*276-303. h . Pp G A . (Pp)„ 0 G A 
Dem. 

h. *276-3. D h : fiT P \ . D . p, C X (1) 

K *276-302. DbifiTpX.D.fi^X (2) 

K (1). (2). *201-18. Dh. Prop 
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*276-304. Y \ p{A ( T p> «)} \. D . p C X. p‘\ C p*p . /z 4 X. p‘X 4 pV 
[*276-302-303] 

*276-305. Y.A(T p ,k) € £1 [*258-201.*276-303] 

*276 31. h:P e n.g!X.XCCl‘C'‘P-t‘A.X~eD‘2 T pO. 

X e 1 . s‘\ = p‘X = i*X [*276"301 . Transp] 
*276-32. h;.Pen.\~ £ 0ul. XCI)‘P«. D : 

v —> —► 

P m 'X e p‘T P ‘\ — A.: a e X . D a ■ a a P‘P m ‘X = p‘X n P‘ P m ‘\ 

Bern. 

V . *276-301 . D I-: Hp. D . E! T P { \. E! P m ‘\." (1) 

[*276-302] D.P m ‘\ep‘?p‘X-p‘X (2) 

h . (1). *276 3 . D h : Hp . D . P'P^'X a a‘\ = P‘P m ‘X a p‘\ (3) 

h . (2) . (3) . D h . Prop 

*276 321. h : Hp *276 32. a e T P ‘\. £ e X - ? P ‘X. D. aP 9 0 

Deni. 

Y . *276-3-32 . D h : Hp . 0 . P m ‘X e a- £ . a a P‘P m ‘X = £ a P‘P m ‘X . 
[*276-11] D . aP*£ O h . Prop 

*276*322. h : Hp *276*32 . pe(T p *Ayx .aep*0e\ — p.O *aP d /3 
Dem. 

Y . *40’23 .Oh:. pQ(T P *Ayx .p:pe p. aep . fi e\ — p . D Mi «,0 • Q-Peft • 

aep'p. j3e\-p‘p .^R.aPeP (1) 

h . (1). *276*321 . *258-241 Oh. Prop 

*27633. h : Hp*276*32 .3 ! p‘(Tp*A)‘X . D.\‘p‘(Tp*A)‘\ — min (P,)‘\ 
Dem . 

h . *276-31. *258-231 0 h : Hp O . p‘(T P *Ay\ e 1 (1) 

h.(l). *276-322. Dh : E.p.<X€X-p‘(T P *A)‘X.D .{i‘p‘{Tp*Ayx}P e cL (2) 
h . ( 1 ). ( 2 ) O h . Prop 

*276-331. h : Hp *276 32.3 ! p‘(Tp* Ay\ O . E ! min (P e yx [*276-33] 

*276 34. h : Hp *276 32 . pT P X . p e D‘T P . D . (P m ‘X) P (P M ‘p) 

Dem. 

Y . *276-3 . D h : Hp O. PJX = min P ‘(s‘X - p‘X) (1) 

h . *276-3-304 O h : Hp O . P m ‘p e (s‘\ - p‘\) (2) 

h . *276 302 . D h : Hp . D . P m ‘Xepy . P m ‘p~ep‘p . 

[*1312] D.P m ‘\4P m y (3) 

h.(l).(2).(3)Oh . Prop 


R. & W. III. 
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*276-341. f-Hp*276-32 . p‘(T P *A)‘\ = A . D : 

P m “(T P *A)‘\ C P“P m “(T P #A )‘\. P m “(T P *A)‘\ ~ € Cls induct: 
ft, € ( T P *A )‘X -1 ‘A . D M . E! ? P V ■ E! P m ‘p, 

Dem. 

h . *258 231. *276 301 . D 

f-Hp . D : p. e(T P * A)‘X - py(P P * J)‘X. D . E ! ? P ‘p. E ! P m > : 
[*276'34.Hp] D: pe(r P *4)‘x. E! P m ‘p. D . (P w ‘p)P(P*‘? fV) (1) 

1-. ( 1 ) . *261-26 . Transp . D h . Prop 

*276-342. h : Hp *276 341 . X {A (T P , *)} p. E! P m ‘p ■ ■ (P«^) P (P W V) 

Dem. 

V . *276-3 . D 

I-:: Hp : p C(P p *A)‘k:. 3 ! p . g ! : D P m ‘p‘pes‘p‘p ~p‘p‘p :• 

[*40-1-11] D (ga) .tx€p‘p . P m ‘p‘pea: (ga) . a ep‘p . P m yp~ e a 
[*401 .*1126] D:.Xe p. D A : (ga). a e X . P m ‘p ( p e a : (ga) . a e X . P m ‘p‘p ~ e a 
[*401-11] Di.Xep. D A .P m ‘p‘p<?(s‘X-_p‘X) (1) 

h.( 1 ). *276-302 . D h Hp (1). D : 

? P ‘X e p . X e p . D A ■ P M ^ e ;>‘? P ‘X . P m yp ~ e ? P ‘X : 
[*1312] D : ? P ‘X € p . X e p . Da ■ P m ‘X * P w y p (2) 

h . ( 1 ). (2). *276-3 . D f-: Hp (1). T P ‘\ e p . X e p. D. (P m ‘X) P (P m yp) (3) 

h . (3). *276-34 . *258 241 . D h . Prop 
*276 35. I-:. Pe ft . ac C D‘P e . g ! « . p\T P *Ay K = A . D: 

X e (P P *A)‘«: - PA . D . P m ( \€p‘fp‘\ n P‘P m ‘T P ‘\ 

Dem. 

V . *276-341 . D h : Hp . Xe(T P * J)‘ac — PA. D . E ! T P ‘\ . 

[*276-302-34] D . P m ‘\ e ? P ‘X n P { P m { T P ‘X : D h . Prop 

*276-351. h : Hp*276‘35 . D . P m “(T P *A)‘Ac C P u ‘« 

Dem. 

h. *276-3. Dh.~E!P m ‘A ( 1 ) 

h . *276-35 . (*276-05). D h : Hp . Xe(P P * J)‘k - PA . D . P m ‘X eP tl <A: (2) 
h . (1) . (2) . D h . Prop 

*276*352. I-: Hp *276*35 . D . P u ‘ac ~ e Cls induct [*276-351-341] 

*276-353. h : Hp *276 35 . X € (T P *A)‘/c . X {A (T P> ac)} p. a e p . D . 

p‘X n P‘P m ‘\ = p‘p n P‘P TO ‘X = a n P‘P m ‘X 

Dem. 

h. *276-304. D h : Hp. D . aeX (1) 

h . *276-35-31 . Transp . D h : Hp . D . E ! P m ‘X . X ~<?0 u 1 (2) 

h . (1). (2). *276-32. Dh:Hp.D^ < XftPP w ‘\ = anP‘P m , X (3) 
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h . (3) . 3 h Hp . 3 : e /x. 3p . a n P‘P m ‘\ = 0 n P‘P 1i ‘\ (4) 

f- . (4) . 3 b : Hp . 3 . a n P‘P m ‘X = p‘fin~P*P m ‘X (5) 

h . (3) . (5) . 3 h . Prop 

*276354. (-: Hp *276 35 . X e (T p *A)‘k . a <? X . 3 . 

P a ‘ic n P‘P m ‘X = p‘X n P‘P m ‘X = a n P‘P m ‘X 

Dem. 

h . *276 353 . 3 b : Hp . g ! /x . X {A {T Pt *)} p . 3 . 

p f /x r\ P t P m t X = p‘X n P‘P m ‘X . 

[*22-47] 3 . (pV n P‘P m ‘p) n P‘P«'^ C p‘X n P‘P m ‘X (1) 

b . *276‘353 . 3 b : Hp . p\A {T p ,k)\ X . 3 -p‘p n P ( P m ‘p — p ( X r\ P ( P m ‘p 
[*276-342] C p‘XnP‘P m ‘X (2) 

I-. (1). (2). *276-305 . 3 

I- :Hp . fi e (T p *A)‘k - PA . 3 .(p‘pnP‘P m ‘p) n P‘P m ‘XCp‘X n P‘P m ‘X (3) 
b. (3). *276-32 . (*276-05). 3 b . Prop 

*276-355. h : Hp*276‘35 . a e « . 3 . (gX) . X e (T P *A)‘k. a e X . P m ‘X ~ e a 
Dem. 

b . *40'1 .3b:. Hp . 3 : (gX) . Xe{T P *A) ( K .a~eX: 

[*276-305] 3:(gX):Xe(T P *J)^.a~eX:p.[A(2V C )}X.3, i .ae / x (1) 

b . *40-1 . 3 b p [A ( T P , *)] X . 3 M . ae/x : X —p‘A ( T P) k)‘X : 3 . a eX (2) 
I-. (1) . (2) . Transp . 3 

b : Hp . 3 . (gX, p). p f Xe (T p *A)‘k: . X = TV/x ,ae/i.a~eX. 

[*276-3] 3 . (g/x) . /x e (T P *A )U.aep. P m ‘p ~ e a : 3 b . Prop 

*276-36. h : Hp *276 35 . a e * . 3 . (P tl ‘«) P*a 
Dem. 

h.*276-351-355-354-D 

b : Hp . 3 . (gx) . X e (T P * A)*k . P m ‘XeP tl ‘ K - a . P tl ‘fcnP‘P m ‘X = a n P‘P m ‘X . 
[*276-352] 3 . (P tl ‘/A P*a : 3 b . Prop 

*276-361. f-: Hp *276-35 . 3 . * C P 0 ‘P tl ‘* [*27636] 

*276 37. b : Hp *276 35 . (P tl ‘«) P g /3 . 3 . (ga). a e *. aP*/3 
Dem . 

h . *276-11 . 3 f-: Hp . 3 . (g z ). * e P tl ‘« - £. P u ‘* n ~P‘z = £ n P‘s. 
[(*276-05)] 3 . (gs, X) . X e (T P *Ay« .zep‘Xn P‘P m ‘X - A • 

P a ‘Kr\~P‘z’=/3nP‘2' 

[*276-354] 3 . (gs, X, a) . X e (T P *A)‘/c . a e X . z e a - A ■ 

~P‘* C P‘P m ‘X . a nPP m ‘X = £ n P‘P m ‘X. 


[Fact.*276'304] 3 . (g^, a).ae«:.2eo-/3.j9o P f z C a . 

[*17011] 3 . (ga) .ae/c. aP„£ : 3 h . Prop 
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*276 38. b : P e a . k C D t P 0 . g ! « . p\T P * A )‘ K = A . D . P tI ‘* = tl (P 9 )‘« 
[*276-361-37] 

*276-381. h : Pe H . k C D‘P 0 . g ! k . p‘{T P * A)‘k = A . D . E! tl (. P e )‘ K 
[*276-38] 

*276-39. h : P e f2 . « C D‘P*. g ! * . I> . E ! limin (P # )‘* [*276-331-381] 

in the following proposition, the only reason why P has to be infinite is 
in order that P 6 may exist; for “ Ded ” was so defined as to exclude A. 

*276 4. h : PeH infin . D . P e e Ded 
Dew, 

b .*276*121 .*207-3.*20518. Db: Hp. D. limin/A = P‘P . limin P VA = A (1) 
b . *206-7 . D h : Hp . « C C‘P 0 . A e k . i‘A . D . 

prec (P e )‘k = prec (P g y(/c - i‘A) (2) 
b . *205-192 . D I-: Hp (2) . D . mfn (P 0 ) ( k = r^fn ( P 0 )‘(k - i‘A) (3) 

b . (2) . (3) . D I-: Hp (2) . D . liimn (P 0 )‘tc = lirmn (P,)‘(* — DA) . 

[*276’39] D. E! limin {P 0 )‘k (4) 

I-. (1) . (4). *276-39 . D h Hp . D : «C C i P 0 . D K . E ! limin (P 0 )‘k : 
[*214-12-14] D : P 0 e Ded D f- . Prop 

*276-41. h:Pe«.D.P e e^ [*276*2^14.. *275 1] 

*276-42. I-: P e o>. D . C‘P* e 2«<> 

Dern. 

b . *276-13 . *274-27 . D h : Hp . D . Nc‘C" P e + 0 K 0 - (1) 

(-. *276-2 . D h : Hp. D. (gp.). Nc‘C‘P e = p + 0 «„. 

[*123-421] D. Nc‘C"P e + 0 N 0 = Nc‘C"P fl (2) 

h . (1). (2). D h . Prop 

*276-43. I-. C“e = 2«° 

Dem, 

b . *276-42-41 .Dh:g!ft).D.g! C"‘0 n 2».. 
[*100-42.*275-33.*l52-71] D . = 2«° (1) 

h. *27511 . *263 101 . Db:a> = A.D.6 = A (2) 

b . *263101 . *116-204. D h : <y = A . D . 2»> = A (3) 

h.(2).(3). Dh:a>= A.:>.<7“0=2»> (4) 

h . (1). (4) . D b . Prop 

The propositions proved in the present number are capable of being to 
some extent generalized. Also we can prove 

b . 0 = (ti>exp r ®)-i-i. 
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For this purpose, we prove first that if P, Q are well-ordered series, PQ is 
Dedekindian (except that if <—- E lB f P, PQ has no last terra); i.e, we prove 
P, Q e n . D : A C C‘P Q . g ! A. D* . E ! limin ( P Q y~X. 

For this purpose, assuming AC C ( P Q . g ! A, put 

—► 

Q m ‘ A = min</$ (s‘\‘y ~eOvl), 

T P ‘A = A n M — mines'A*Q m *A}, 

A = Xp (y. C A . y. =h a), 

(PQ)‘X = s‘N {( 3y a) . y, e(Tp*A)‘\. N = (pV) 

We can then show, by steps closely analogous to those in the proof of P e eDed, 
that we have 

3 ! p‘(T P *A)‘ A. 3.'i‘p‘(T P *A) t \ = min(P«)‘A, 
lp‘(Tp*A)‘\ . D . (PQY A = prec (P Q y\, 
whence, in either case, E ! limin (P Q )‘\. 

Hence we have 

(-: P, Q e f2 . E! B ( P . D . P®€ Ded, 
h : P, Q e D. ~ E ! B‘P. Z^e C 1 !^. D . P Q -\+ Ze Ded. 

We have therefore h . (to exp r ©)+i C Ded. 

We now have to prove 

. . —i 

Q e (« exp r ®) -j-1 . D . a ! N 0 n med'Q. 

For this purpose, it will be sufficient to prove 

P e to . D . a ! N 0 n med‘(P p ). 

The N 0 in question will be the class of those members of C‘(P P ) in which, 
from a certain point onward, the correlate of every member of C‘P is B*P. 
We have 

M(P P )N. = : M, Nt (C‘P | C"Py P‘P : 

(a«) . .r e CAP . M\~P*x = N[P ( x . (M'x) P (N‘x). 

Now consider the relation 

L = M fp*‘x oy l Pyx u (i *B‘P) f P‘P,‘ar, 
where ( M‘Pyx)Py . 

Then M (P p ) L . A ( P p ) N. Also L has B‘P for the correlate of every term 
after Pyx. Hence it is determined by the correlates of the terfns up to and 
including Pyx. Thus, putting z — pyx, we have to consider the class of 
relations 

y = X |(gs). 0 e Q‘P . A *■ 1 -> Cls . G‘X = P*‘s . D‘X C C ( P}. 
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If X e/ a, X vy {i i B i P) | P'maxPCFX is a member of C‘P P . We have there¬ 
fore only to show that 

To show that /aett 0 , we observe that if X e p, D'X and CBX are both 
inductive classes; hence each has a maximum. Let X and X' be two 
members of and let us put 

x = max/D'J. x f ~ maxpHPX'. y = maxp‘Q‘X . y' = maxp‘G‘X'. 

If x = y,p and y = v P , put x + P y = (y, + c v) P . Then put X before X' if 
(x -t- P y)P(x' +py'), or if x + P y = x +py'. yPy '. But if x-\-py — x’ -( -py' and 
y = y\ i.e. if x = x'. y = y f , take the immediate predecessors of x, y , xy* in 
D‘X, G‘X, D'X', G‘X' respectively, and apply the same tests to them, and 
so on, until we come to a difference. In this way, we obtain an arrangement 
by last differences (in a slightly extended sense), and this arrangement is 
easily shown to be an at. Hence y, e N„. Hence the class 

v = 7 {(gX). X e y . 7 = X a ( i‘B‘P) | P‘inaxp‘G‘X} 

is an N 0 , and we have already shown that it is a median class of C*P P . 
Hence 

h:Pea).D.g!X 0 rt med‘(P p ). 

The same class will be a median class of P p -f> Z, if Z~ e C*P P . Hence 
h :Pew.^~e C‘P P . D . g ! K 0 n n[?d‘(P P 4>^). 

Hence, by what was proved earlier, 

\-:Peot.Z~e C‘P P .D . (P p -frZ) e 9, 
i e. V . (ea exp r at) + i = 0. 
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SUMMARY OF PART VI. 


The purpose of this Part is to explain tho kinds of applications of 
numbers which inay be called measurement. For this purpose, we have 
first to consider generalizations of number. The numbers dealt with hitherto 
have been only integers (cardinal or ordinal); accordingly, in Section A, we 
consider positive and negative integers, ratios, and real numbers. (Complex 
numbers are dealt with later, under geometry, because they do not form 
a one-dimensional series.) 

In Section B, we deal with what may be called “ kinds ” of quantity: 
thus e.g. masses, spatial distances, velocities, each form one kind of quantity. 
We consider each kind of quantity as what may be called a “ vector-family,” 
i.e . a class of one-one relations all having the same converse domain, and all 
having their domain contained in their converse domain. In such a case as 
spatial distances, the applicability of this view is obvious; in such a case 
as masses, the view becomes applicable by considering e.g. one gramme 
as q- one gramme, i.e. as the relation of a mass m to a mass to' when to 
exceeds m' by one gramme. What is commonly called simply one gramme 
will then be the mass which has the relation + one gramme to the zero 
of mass. The reasons for treating quantities as vectors will be explained in 
Section B. Various different kinds of vector-families will be considered, the 
object being to obtain families whose members are capable of measurement 
either by means of ratios or by means of real numbers. 

Section C is concerned with measurement, i.e. with the discovery of 
ratios, or of the relations expressed by real numbers, between the members 
of a vector-family. A family of vectors is measurable if it contains 
a member T (the unit) such that any other member 3 has to T a relation 
which is either a ratio or a real number. It will be shown that certain 
sorts of vector-families are in this sense measurable, and that measurement 
so defined has the mathematical properties which we expect it to possess. 

Section D deals with cyclic families of vectors, such as angles or elliptic 
straight lines. The lheory of measurement as applied to such families 
presents peculiar features, owing to the fact that any number of complete 
revolutions may be added to a vector without altering it. Thus there is not 
a single ratio of two vectors, but many ratios, of which we select one as the 
principal ratio. 



SECTION A. 

GENERALIZATION OF NUMBER. 

Summary of Section A. 

Ia this section, we first define the series of positive and negative 
integers. If p, is a cardinal, the corresponding positive and negative 
integers are the relations -f 0 /x and — 0 /t, or rather (+ 0 ja) £ (NC induct — tdA) 
and (— c /i) t (NC induct — i‘ A). (It will be observed that a positive integer 
must not be confounded with the corresponding signless integer, for while 
the former is a relation, the latter is a class of classes.) We next proceed to 
numerically-defined powers of relations, i.e. to R v , where v is an inductive 
cardinal. We have already defined R? and A 3 , but for the definition of ratio 
it is important to define R v generally. If Re 1 —»1 . R^GJ, we shall have 
E* = 22„,. and if AeSer, we shall have (22 1 ) 1 '= 22„. But these equations do 
not hold in general, and in particular if RGI and v^O, R V = R but R v — h. 
After a number devoted to relative primes, we proceed to the definition 
of signless ratios, thence to the multiplication and addition of signless ratios, 
thence to negative ratios, and thence to the generalized addition and 
multiplication which includes negative ratios. (In the case of ratios, signless 
ratios are identical with positive ratios. This is possible because signless 
ratios, unlike signless integers, are already relations.) We then proceed 
to the definition of real numbers, positive and negative, and to the addition 
and multiplication of real numbers. At each stage, we prove the com¬ 
mutative, associative, and distributive laws, and whatever else may seem 
necessary, for the particular kind of addition and multiplication in question. 

Great difficulties are caused, in this section, by the existence-theorems 
and the question of types. These difficulties disappear if the axiom of 
infinity is assumed, but it seems improper to make the theory of (say) 2/3 
depend upon the assumption that the number of objects in the universe 
is not finite. We have, accordingly, taken pains not to make this 
assumption, except where, as in the theory of real numbers, it is really 
essential, and not merely convenient. When the axiom of infinity is 
required, it is alwaj'.s explicitly stated in the hypothesis, so that our 
propositions, as enunciated, are true even if the axiom of infinity is false. 



*300. POSITIVE AND NEGATIVE INTEGERS, AND NUMERICAL 
RELATIONS. 


Summary of *300. 

In this number, we introduce three definitions. We first define “ U ” as 
meaning the relation which holds between y+ c v and y whenever y and v 
are existent inductive cardinals of the same type, apd v^O, and y+ c v exists 
in this type. Thus U is the relation “ greater than ” confined to existent 
inductive cardinals of the same type. The definition is : 

*300'01. U = (+ c 1 ) po £ (NC induct - i ( A) Df 

Then if y is an inductive cardinal which exists in the type in question, 
U h and U,j, are the corresponding positive and negative integers, where “ Uf' 
has the meaning defined in *121. It will be observed that 0 U^y, so that 
exists, when y exists in the type in question. We prove (*300T5) that 
U is a series, and (*30014) that its field consists of all existent inductive 
cardinals of the type in question, its domain consists of all its field except 0, 
and its converse domain of all its field except the greatest (if any). If the 
axiom of infinity holds, C‘U consists of all inductive cardinals. 

It will be observed that U arranges the inductive cardinals in descending 
order of magnitude. The reason for choosing this order instead of the 
converse is that U is less required in its serial use than as leading to the 
functional relations U h . As explained at the end of Part I, Section D, there 
is a broad difference between functional and serial relations, and this 
produces, where one relation (or its derivatives) is to have both uses, a 
certain conflict of convenience as to the sense in which the relation .is to be 
taken. Considered as arranging the integers in a series, U would naturally 
be defined so as to arrange them in ascending order of magnitude, as was 
done with “A” in *123. But considered as functional relations, it is more 
convenient and more natural to take (say) q- 0 1 as the relation to start with, 
and — 0 1 as its converse. Thus we want yU^ when y = v+ a 1, i.e. we want 
I7/i/=i»+ 0 l; and this requires the definition of U given above. 

We prove in this number (*300'23) that U is well-ordered, and (*300'21‘22) 
is either finite or a progression. We also prove (*300T7T8) that, if y is any 
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typically indefinite inductive cardinal, ji and p, + c 1 will belong to G i U if U 
is taken in a sufficiently high type. 

Our other two definitions in this number define two classes of relations 
which are of vital importance in the theory of ratio. We define numerical 
relations, which are called “ Rel num,” as one-one relations whose powers are 
all contained in diversity, i.e. we put 

*300 02. Rel num = (1 —» 1) n fi (Pot'fi C Rlh/) Df 
We thus ha\o (*300'3) 

:R e Rel num . = . fi e 1 -* 1 . fi p0 G J. 

It will be remembered that the hypothesis fie(Cls—► l)u(l-*Cls).fi po G J" 
played’a great part in *121, and hi all later work which depended upon *121. 
When both R and fi fulfil this hypothesis, we have fie Rel num, and 
vice versa. We prove (*300'44) that if a is an inductive cardinal not zero, 
and P is a series, then P a is a numerical relation, and so is P a . If P is an 
endless well-ordered series, finid'P (i.e. the class of relations P<r) is what 
(in Section B) we shall call a vector-family: P v is the vector which carries 
a term a steps along the series. 

In order to be able to deal with zero, we have to consider the application 
of ratios, not only to such relations as are numerical in the above sense, 
but also to relations contained in identity, because a relation contained 
in identity may be regarded as a zero vector, so that ( e.g.) if P is a 
series, I \ G‘P will have a zero ratio to P a if a is an inductive cardinal 
other than 0. 

We therefore introduce a class “Rel num id ” consisting of numerical 
relations together with such as are contained in identity; these maybe called 
numerical or identical relations. They may be defined as one-one relations 
whose powers, other than fi 0 , are contained in diversity, because, if fi G I, 
there are no powers other than fi 0 . Thus we put 

*30003. Rel num id = (1 -* 1) n fi (Potid‘R - i/fi 0 C RFJ) Df 
and we then prove 

*300'33. h . Rel num id = R1‘7 u Rel num 

For the application of ratio, it is important to know under what circum¬ 
stances there exists a numerical relation fi such that R a is not null. We 
prove (*300’45) that if a is an inductive cardinal, and P is a series of 

o-+ c l terms, then (B‘P) P„(B‘P). Now we also prove (*300 44) that if 
P is a series, and R = P lt P a = R a and fi is a numerical relation. Hence 
it follows, by *262'211, that if a =}= 0 and a is a class of cr + c 1 terms, there is 
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a numerical relation R whose field is of the same type as a and for which R 
exists. Remembering *300"14 (quoted above), this proposition is : 

*300-46. h : <r € (l‘U-i‘0. D. 

(gP, R). P € (a- + c 1 ) r . R = Pi. R e Rel man . t f G f R = t 0 ‘<x . (B‘R) R c ( B‘R) 
We have conversely (*300-47) 

I-: R e Rel num . g ! R a . D . ere NC ind . g ! (a + c l)r» t‘G ( R . a n t‘C‘R e CPP, 
where “ NC ind ” has the meaning defined in *126, i.e. “ a eNC ind ” means 
that a is a typically indefinite cardinal. 

The number ends by propositions proving (*300’52) that is a 
numerical relation, that (*300‘57) 

g ! {Ut) v h{U^ . D . £x 0 i >eG‘U . % x 0 v * rj x 0 fi, 
and analogous theorems. 

*300 01. U = (+ 0 l)po t (NC induct - t‘A) Df 

*300 02. Rel num = (1 -» 1) n R (Pot ( R C R VJ) Df 

*30003. Rel num id = (1 -* 1) n P(Potid‘i£- i‘R 0 C RPJ) Df 
*300'1. f- : fxUv . = . fi(+ 0 l) po i'. /t, ve NC induct — PA [(*300'01)] 
*30011. bi.fi,Uv. = : 

fi,v€. NC induct - CA : (gA). A e NC induct — CO . p -v + c A : 
-i/i.i'eNC induct — t‘A : (gA) ,\^Q . /j,= v + c \: 

= : fi, v eNC induct - CA : (gA). AeNC - CO . fi= v + 0 A 
[*300-1. *120-42-428-462-452 . *110-4] 

*300T2. I -: fiUp . = . fi,v e NC induct — CA 

s . fi, v e NC induct. v < fi . 

= . fL € NC induct . y < /* 

[*30011 . *117-3 . *120-42 . *117-26 . *110-6 . *117-15 . *120-48] 
*300-13. h . U G J [*300-12 . *117*42] 

*30014. I-. G‘U= NC induct —CA . D f U*= NC induct — CA — CO . 

Q‘ U = NC induct n v (g ! v + c 1) = v (v +„1 e NC induct - CA). 

B ( U= 0 

[*300-12 . *117-511 . *120 122 . *101-241 . *120-429-422] 

*300-16. ¥ . U e Ser [*300-13 . *120-441] 

*300-16. h : a e CIs induct. i> . N 0 c‘a e C ( U n t*a . N 0 c‘a e G‘( U £ P‘a) 

Dem. 

h . *120 21 . D h : Hp . D . N 0 c‘a € NC induct 
b .*103-13 .Dh. N 0 c‘a + A 
f- . *103"11 . D h . N 0 c‘a e t 2 ‘a 
h . (1). (2). (3). *300-14 . D h . Prop 


( 1 ) 

( 2 ) 

(3) 
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*30017. h : ft e NC ind . 3 . (ga). p n t‘a e C‘ U . ft e C‘( U £ V‘a) 

Dem. 

h . *126*1. 3 h : Hp . 3 . (ga) ,aeC]s induct. ft = Nc ‘a . g ! /a . 

[*103-34] 3 . (ga) . aeCls induct. ft n t‘a= N 0 c‘a (1) 

h . (1). *300-16 . 3 h : Hp . 3 . (ga) .fint‘aeC‘U. (2) 

[*65-13] D . (ga). e (7* i[7.C ^a. 

[*63-5] 3 . (ga ). fteC ( U. fie t u a (3) 

h . (2) . (3). 3 h . Prop 

*30018. h : fi e NC ind . 3 . 

(go-) . 2^ 6 C‘( i7 £ i 2 ‘o-). (ft + 0 1) r\ t f <r e C‘U . fie CP( U [ t 2t a-) 
[*126-13-15 . *300-17-14] 

*300-181. h : fi e NC ind . fi rt t ( a e C‘U . 3 . 

2^ rs c C* U. (fi + 0 1) r\ t 2t a eC‘U. ft r\ t 2t a eQ. c U 

[*126-23 . *300-14] 

*300 2. h : Infin ax . 3 . U= 

Here N has the meaning defined in *263‘02. 

Dem . 

h . *300-1 . *125‘1 . 3 h Hp . 3 : fiUv . = . ft, veNC induct. /a (+ 0 1)^ v . 
[*120-1.*91'574] = . v(t c 1)*0 . fi (+ 0 l) po i> . 

[*9613] =-/*{(+• l)r(+^]5i'0lpo i'- 

[(*263-02.*l20-01)] = . vN po fi:. 3 h . Prop 

*300 21. h : Infin ax . 3 . U e a> [*300"2 . *263"12] 

*300’22. h : ~Infin ax . D . U eD induct 
Dem. 

h . *125-16-24 . Transp . 3 h : Hp . 3 . C ( Ue Cls induct (1) 

h . (1). *300 15 . *261-32 . 3 h . Prop 

*30023. h.&efl [*300-21-22] 

*300-231. h : fiU^v . = . fi,v e NC induct — PA . fi - v + 0 1 . 

= . ft e NC induct — i‘A . ft — v + 0 1 . 

= ./teNC induct - i* A — i‘Q . v = /t- 0 I . 
s.yeNC induct — i/A . v = /i — 0 1 

Dem. 

h. *300-15-12. *201-63.3 

V ftU x v . = : ft, v e NC induct — i/A . v < ft: ~ (gX) . v < X . X < ft : 
[*120-420] = : /a, y e NC induct — t/ A .v<Zfi'.v-\- Q \'^fi.fi'^v+ 0 l : 
[*117'25] = : ft, v e NC induct — PA . ft = v + 0 1 (1) 

h . (1) . *120-422-424-423-3b. Prop 
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*300232. h : yu, e NC induct. D . 

Up ~ (+ c p) £ (NC induct - i‘ A). = (- c p) £ (NC induct - i ( A) 

For the definition of {/ M) see * 121 * 02 . 

Dem. 

h . *121-302 . *300-15 . D h : pU 0 <r . = . a e C‘U. p = a. 

[*300-14.*110-6] = .p,cre NC induct - i‘A . p = <t + o 0 ( 1 ) 

h.*260-22-28. *121-332. D 

f- : 11^ = (+ c /i) l (NC induct ~ i* A). D . U» +cl = (+ 0 p) £ (NC induct - CA)| IR 
[*300-231] = (+ 0 p) C (NC induct - CA) j(+ 0 l)£(NC induct - CA) 

[*120-45-452] -{+ 0 (^+ 0 1)} £(NC induct - i‘A) ( 2 ) 

f-. (1). ( 2 ). Induct. Dh. Prop 

*300-24. h : p e NC induct. 3 . D‘U tl = U%p — NC induct n v(v ^ p) 
[*300-232 . *117-31 . *120-45] 

*300'25. h : p e NC induct. D . 

B‘Uv = U*p — NC induct n v (v < p) = U (0 t— p) 

[*300-232-24-12] 

*300-26. b:peC‘U. = . pU^O . = . 3 ! U^(C‘U) [*300-232-14 . * 110 - 6 ] 
Here the p in “ U/’ is of higher type than the p in “ peC^,” because 
the interval £7(0 i —1 n) is composed of members each of which is of the same 
type as p. 

*300'3. h '.Re Rel num . = . R e 1 —»1 . R^ C J. = . R e 1 —»1. Pot‘i2 C RlC£ 
[(*300-02)] 

*300 31. h : R e Rel num id , = . R e 1 —> 1 . Potid‘i2 — 1 ‘R 0 C R VJ 
[(*300-03)] 

*300-311. h:RCI.~.R 0 = R. = .R = I[G ( R 

Dem. 

h .*201-13-18. 3h:.RGI.D:xeC‘R.'}. R % ‘x rs R*‘x = Gx ( 1 ) 
h . (1). *12111.Z>h :RdI. D./fO'jRGi^. 

[*121-3] Z>. R^IfC^. 

[*72-92] D.R 0 = R = I[C‘R (2) 

h.*121-3. Dh:R 0 =R.D.RdI (3) 

h . (2). (3). D h . Prop 

*300-312. h : R G I . D . Potid‘£ = i‘R = i‘R 0 [*300-311 . *50-72 . Induct] 
*300313. hEf Rel num id .D.R^^-R 0 QJ [*30031 . *91-55] 
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*30032. b : R e Rel num id . D . R 0 — I [ G ( R 
Dem. 

b . *9P35 . D b . T C‘R e Potid‘J? - R1 ex'/ (i) 

b.(l). *300-31 Oh. Prop 

*300 321. b : R e Rel num id . R + i? 0 O . R G J . g ! R [*300 31] 

*300322. b : R G/. D . R^ A R 0 = A 

Dem. 


b. *121-3 Ob: 

xR po y.x±y.D.^ 

>(xR 0 y) 

(1) 

b. *50-240 b: 

.Hp .D:~(xRx): 


(2) 

[*91-57] 

D : xR po x O 

. x (R po | R)x. 


[*121-103.(2)] 

D 

. R (x H-t x) l*X . 


[*121-11] 

D 

. ~ ( xR 0 x) 

(3) 

b . (1) ■ (3) O b 

. Prop 




*300 323. b : R e Rel num id . R + R 0 O. £ po G / 

Dem. 

b . *300-321-322 O b :Hp O. R m r>R 0 = A. 

[*300-32] D . R p0 n I [ C‘R = A : D b . Prop 

*300324. b R e Rel num id .D m . Rdl.w.Re Rel num 
Dem. 


b . *300-311-323 O b rip. D : R G I. v . R po G J (1) 

b . *300-32 . D b : R e Rel num id . Rpo dJ.D. Yotid i R~i‘R 0 =J > ot i R (2) 
b . (2). *300-31 . D b : R e Rel num id . R w <L J . 3 . Pot‘i2 C RPJ (3) 

b . (1). (3). *300-3 Ob. Prop 

*300 325. b : R G / O . R e Rel num id 
Z>m. 

b . *300-312 O b : Hp O . Potid'R - i‘R 0 = A (1) 

b . (1). *300-31 Ob. Prop 

*300326. b -.Re Rel num O . R e Rel num id 
Dem. 

b . *121-3 . *300 3 . D b : Hp O . R 0 ~ e Pot‘22 (1) 

b . *121-302 . *300-3 O b : Hp O . R 0 = I [ C ( R (2) 

b .(l).(2).*91-35 . D b : Hp.D . Potid‘72 — i‘R 0 = Pot‘i2 (3) 
b. (3). *300-3-31 Ob. Prop 

*300*33. b . Rel num id = R1‘/ u Rel num [*300-324-325-326] 

*300 34. b . A e Rel num [*300*3 . *72-1] 

*300*4. b . Rel num — Cnv“Rel num [*300 3 . *91-522] 

*300-41. b . Rel num id = Cnv“Rel num id [*300 - 31 . *91-521] 
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Dem. 

f- .*91-6 .*92-102 . 3 

h : R e Rel num . P e Pot ‘R . 3 . P e 1 -» 1 . Pot'P C RFP. 

[*300‘3] 3 . P e Rel num : 3 h . Prop 

*300 43. 1-: R e Rel num id ■ 3. PotkPi? C Rel num id 
Dem. 

h .*300-325*312. DhsBG/.D. Potid'P C Rel num id (1) 

h . *300 325 . 3 h . I f G f R e Rel num id (2) 

h . (2). *300-42-326 .31 ~: Re Rel num . 3 . Potid'P C Rel num id (31 
l-.(l). (3). *300-33.31-. Prop 
*300-41 h P e Ser . a- e NC ind . 3 : 

P a , P a € Rel num id : a- =$= 0.3 . P„ — {P^) a . P a , P„ e Rel num 

Dem. 

1-. *121-302 . *300-325.3 h : Hp . <r = 0.3 . P a> K e Rel num id (1) 
h . *260 28 . 3 h : Hp . <r 4= 0.3 . P* — (Pj)* (2) 

h . *300'3 . *260*22 . 3 h Hp . 3 : P x e Rel num : 

[*121‘5.*300-42] 3 : o- 4 0.3 . (A), e Rel num . 

[(2).*300-4] 3 . P a> P a e Rel num (3) 

h . (1). (2) . (3). 3 h . Prop 

*300-45. h : <r e NC ind . P e (a + 0 l) r . 3 . ( B ( P ) P a (B‘P) 

For the definition of (<r + 0 l) r , see *262‘03. 

Dem. 

h . *26212.3 h : Hp . 3 . P e H . C ( P e a + 0 1., 

[*202181.*261-24] 3 . (S‘P) P„ (R‘P) : 3 V . Prop 

*300-46. h:<reCFP-P0,3. 

(gP, P).Pe(a-+ 0 l) r .P = Pj.Pe Rel num . t'C'R = t 0 ‘<r . (R‘R) R<r ( B ( R) 
Dem. 

I-. *300-14.3 h : Hp . 3 . (ga). a e Cls induct. t ( a = t 0 f <r . a e cr + 0 1. 

[*262-211] 3 . (gP) m P e (<r -f- 0 1), . t‘C‘P = tfa . 

[*300-45] 3 . (gP) .P f ( ff + 0 l) r . t <C‘P = . (B ( P) P„ (B‘F) • 

[*300-44.*261-22] 3 . (gP, R) . P e (a- + c l) r . R = P l . R e Rel num . 

t‘C‘R = tf *. (B‘R) R a (B‘R ): 3 h . Prop 


R. & W. III. 
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*300'47. h : R e Rel num . a ! R„. D . 

<t e NC ind . a ! (o- + 0 1) n t*C f R . a r\ t‘C‘R e CP U. 

Dem. 

I- . *121'11 . D f- : Hp . D . (qx, y) . R (x\-*y) e a + Q 1 . 

[*121-46] D . o- + Q 1 e NC iod . a ! (o- + c 1) n t‘C‘R . 

[*120‘422.*300‘14] Z> . <r e NC ind . a ! (<r + c 1) « t?C*R . 

<j r\ t ( G ( R ed‘U : D h . Prop 

*300-48. \-:RQI. v ^0.^.R y = A 
Dem. 

K *300-312-311. *91*55 . D h : RQ. /. :>.£* = / \C‘R (1) 

f-. (1). *121-103 . D h : R G/. D . R (an y)=C‘R n i‘ccm<y (2) 

f-. (2) . *121-11 . D h R G I . D : xR v y .~.C f Rrs i‘x *i‘ye V + 0 1 . 
[*117-222] D . ^ + 0 1 < Nc‘#/a?. 

[*117"54.*120‘124] Z>.i/+ 0 1 = 1. 

[*110-641.*120-311] D.!/ = 0 (3) 

I-. (3) . Transp. D h . Prop 

*300-481. h : R <■ Rel num id . 0. D , (R 0 ) y = A. (R,) 0 GRo 

Dem. 

I-. *300-32-48.3 h : Hp. D . {R 0 ) v = A (1) 

h. *300-43-32 . D h s Hp . D . (R y ) 0 = I [ OR, . 

[*121-322.*30032] 3.(R y ) 0 (LR 0 (2) 

I-. (1) . (2). D h . Prop 

*300*49. h : R e Rel num . A ~ e Pot'jR . D . C‘R ~ e Cls induct 
Dem. 

h .*121-5 . D h Hp. D : i/eNC induct. D. a ! R„ ■ 

[*121-11] D . a ! (v + 0 1) n C l‘C‘R D f-. Prop 

*300'491. H : (a#) ■ R e Rel num . A ~ e Pot‘i? . D . Infin ax [*300 - 49] 

*300"5. h . e Rel num [*300-15-44] 

*300-51. V . U 0 eRel num id [*30015-44] 

*300-511. I-.£/„ = ( U,)" [*300*21-22. *263*491] 

*300-52. h : jx. e NC ind — t‘0 . D . U„ € Rel num [*300-15 44] 

*300-53. h . (x 0 1) £ C‘U e Rel num id [*300'325 . *113-621] 

*300*54. 1-: Infin ax . fi e D ‘U — t‘l . D . (x 0 fi) £ D ( U e Rel num 
Dem. 

f- . *120 51 . D h : Hp . D . (x 0 p.) £ D‘Ue 1 1 (1) 

I-. *126-51 . *113*621. D h Hp. D : p {(x 0 p) £ D‘£7} <r. D . p>cr : 
[*117-47-42] D : {(x 0 p) £ D‘ U} po G J (2) 

1-. (1). (2). *300-3 . D I-. Prop 
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*30055. f- : a ! R p f\ . D . ^ ! (p -t- 0 1 ) n t‘C ( R .p = a- [*121-11. *120 31] 

*300 551. b : g ! R p f\ R? . = . g ! R p . p = a [*300-55] 

*300552. b : R e Rel num . D . (i2 f )„ G R^ x<sV 
Bern. 

b. *121-36. D b : Hp . £, v eNCind - t*0 . D . (jRf)„ = i^ Xc „ ( 1 ) 

b . *300-481 . D h : Hp . £ = 0 . v ^ 0 . D . (R t ) v = A ( 2 ) 

b . *300-32-311 . *113-602 .D b: Hp .£= 0 .r = 0 .D. (R t ) ¥ = R iXcV ( 3 ) 
h. *300-481. *113-602. Z>h:Hp.£={=0.j/ = 0.D. (R^ G Rt XeV (4) 
h. *300-47. I> b : Hp. ~(£,yeNCind).D. (£*),, = A (5) 

K(l).(2).(3).(4).(5).Dh.Prop 

*300*56. b : R e Rel num . g ! (Rf) v f\ (R ^. D . 

£ x 0 v = 7] x 0 fi . (£ x 0 v) r\ t‘C f R ^ CX f Z7 

Deni. 

b . *300-552 . D b : Hp . I) . g ! R( XoV A Rr, Xc n (1) 

b . ( 1 ) . *300-55 . D b . Prop 

*300-57. b : g ! (£7$), n (. D . £ x 0 v e C c U . £ x„ v = 17 x 0 n 
Dem . 

b . *300-5-511-56"552 . D b : Hp .Z>.£x 0 y = i 7 X 0 /A.g! t/f XoV (1) 
b . ( 1 ). *300-26 . D b . Prop 

By *300 56, we have, with the above hypothesis, (£ x 0 y) n t‘C‘ U e (I* U. 
But here the U in (1*17 is of higher type than the U in (£ x 0 y) r* (*0*11 or in 
the hypothesis. In the type of the U in the hypothesis, we have £ x 0 v e G f U, 
not necessarily £ x 0 y e (P U. 

*300-571. b :. £, rjeD‘U. D : g l(U^) v n ({/,)„.= . £ x 0 veC‘U . £ x 0 y = 17 x c /a 
Dem. 

b . *300-26 . D b : £ x 0 y e G‘ U . £ x 0 v = rj x 0 p . D . (£ x 0 v) { U tXcV ri tf„ XeM j 0 (1) 
b.*121-36.Db:Hp.Hp(l). /A + 0. l / + 0.D.i7 fXol , = (I7 f ),.t7, x ^ = (^ (2) 


b . *300-32 . D b : Hp . Hp(l) . y = 0 . 3 . (Z7f)„ = I \ C‘U t . 

[*300-26] D.0{(U t ) v }0 (3) 

Similarly b : Hp . Hp (1) . /* = 0 . D . 0 [( U^} 0 (4) 

b.*113-602. D b : Hp . Hp (1). y = 0 . D . yu. = 0 (5) 

l-.(l).(2).(S).(4).(6).3hiHp.Hp(l).3.a!(P { ).A((/,). (6) 

b . (6) . *300-57.3b. Prop 


*300 572. b :. £ e D‘U . D : g ! ( U ( ) y . = . £ x Q y e 0* [7 [*300-571 



*301. NUMERICALLY DEFINED POWERS OF RELATIONS. 
Summary of *301. 

In this number, we have to exhibit the powers of a relation R, i.e. the 
various members of Potid'J?, as of the form R« y where a is an inductive 
cardinal. We have already had R 2 — R \ R and I 2 3 = 12 2 |.R. What we need 
is a definition which shall give 

Now R* is a function of R and cr; thus we have to exhibit R* in the form 
S‘o-, where S will be a function of R. That is, we have to define the relation 
S as a relation of R* to o-, and S must be such that, if it holds between 
R* and o-, it holds between 22 <r+o1 and a + 0 1. Thus we may take £ as a sum 
of couples, such that if one couple is R 1 \ a, the next is (i? ,r | R) (o-+ 0 l), 
i.e. such that, if one couple is Q ^ a-, the next is (Q | R) (a- + e 1). Now 

(Q I R) 4, («• + 0 1) = {(I R) II (-„ 1)1‘(Q l <r). 

Hence, since we want to have R° = I[ C‘R, our class of couples is 

& Kl R ) II (~o 1)}* {(* r C‘R) i 0 }]. 

Calling this class num (R), we may therefore put 
R c — {s'num (i2))‘o- Df. 

If we put (| R) || (- 0 1 ) = R p , the above definitions are 
num (R) = (R P )*‘{(I T C‘R) i 0 } Dft, 

R 9 = {sDium (i2)] ( a Df. 

But the above definition of R p requires some modification before it can be 
considered quite correct. With the above definition, we have 

Rp‘(Q 4 °-)~(QI-R) i(o-+oi) ( 1 ). 

Now since num(J^) is defined by means of (R p )%, and since the definition 

of R% contains the hypothesis R^/mC/jl, it follows that, if num (R) is to be 
significant, the relation — 0 1 which appears in the definition of R p must 
be homogeneous, so that, in ( 1 ), a and a- +„ 1 must be of the same type. 
Hence <r, though typically ambiguous, cannot be typically indefinite; 
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therefore, if the axiom of infinity is not true, we shall sooner or later arrive 
at <r = A as we travel up the inductive cardinals. In that case, we shall have 
^ <r_o1 i ( a ~o 1 ) e num (R) ■ (^ <r_cl I R) i A e num ( R) t 
cl J R | R) 4, Ae num (R), etc. 

Now if (for example) R is a cyclic relation, such as that of an angle of 
a polygon to the next angle to the left, we shall not have 
R"~ «i = R—*' \ R or R*-°' R = R*~' 1 \R\R. 

Hence s‘num (R) will fail to be one-many, and will fail to exist. Hence 
it becomes desirable to restrict a to cardinals which exist in some assigned 
type, i.e. to replace — c 1 by (—„ 1) £ (NC induct — t‘A), i.e. by 

Thus we now put R p = (j R) J £7j Dft. 

But even this definition is not quite complete, because the type of U is 
not assigned. It makes some difference how the type of U is assigned, for 
if we take as the type of C f U a type lower than that of t f N 0 c^*I2, we may 
find that our numbers become A before we have ceased to obtain fresh 
powers of R. 

For example, suppose the total number of individuals were four, and that 
these were a, x, y, z. Let us write x J, (a, y, ...) for x J. a u x J, y a .... Then 
consider the relation R = x | (a, y) a a ^ y u y (x, z). Then 
is! 2 = x l (x, y, z) a a l (x, z) o y J, (a, y), 

R 3 = x l (a, y,x,z)val {a,y)wy | (x,y, z\ 

R* = x l (y, x, z, a) a a l (y, x,z)wy | (a, y, x , z), 

R 6 = x l(a,x,y,z)KJ a l (a, x,y,z)vy ^ ( a,x , y y z). 

After this, R 6 = R s \ R = R s \ R 3 = etc. But up to R 5 , each power of R is 
different from all its predecessors. If we take t‘C‘ U= t'Noc't'C'Aft, C' TJ 
consists only of the numbers 0 , 1, 2, 3, 4, and is thus inadequate to deal wiun 
R B . Hence the type in which we take U must be a sufficiently high type, 
which must increase with the type of R. Hence we take C l U in the type of 
i f N 0 c^‘J?, i.e . in the type of t 3 ‘R. This is secured by writing U\,t z( R in 
place of U in the definition of R p . Hence the final definitions for R v are : 

*301-01. I2 p = (ii2)||(H 1 £<»22) Dft [*301] 

*30102. num (R) = {(/ f C‘R) 4 (0 n t u R)} Dft [*301] 

*301-03. R a = [s‘num (R)}‘<r Df 

The two temporary definitions *30l"01-02 are only to extend to the 
present number. 
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With the above definitions we have 
*30116. b:iJ.eC‘Unt?‘R. = .ElR* 

*3012. b .R 0 = I[C‘R.R' = R 

*30121. h : v e d‘U n P R . D . R v + al = R V \R 

*301-23. b : p + 0 v e C'U * PR. D . Hr*'" = R»\ R v = R v \ R* 

*301-26. I-: P e Potid'P. = . (g<r) .P=R* 

I.e, the powers of R are the various relations R a . This proposition might 
have been not universally true if we had taken U in a lower type. 

*301-3. b : RQI. <reC‘U nPR .D . R* = R = R 0 = I[C‘R 

It is largely for the sake of this proposition that we require powers 
of relations in dealing with ratio, rather than finid'P. For we have 
R G I. cr 4= 0 . D . R a = A, so that R a does not give what is -wanted if 
RQI. On the other hand (*301’41), if R e Rel num, we have R° = R a 
if <r e&U r\PR. Thus as applied to numerical relations, R may always 
replace P ff . 

We have, whatever R may be, 

*301*604. b : n, v e C‘ U * PC*R . v * 0. D . {Rr) v = R**" 

The importance of this number will appear in connection with ratios. 

*301-01. Dft [*301] 

*301-02. num (P) = (P p y {(/ [ C‘R) i (0 n PR)} Dft [*301] 

*30103. P°-= (s^num (P)]V Df 

*301-1. b : <r e d‘( U £ PR). D . R P ‘(Q l <r) = (Q\R) l f (<r + c 1) * PR) 
[*55*61 .(*301-01)] 

*301-101. b : <r e G.‘( U £ PR ). = . <r e d‘Un PR . = . <t e<I‘U. <r C PR 
[*63-5] 

*301102. £$«<£).= . 

(gX) . X e Cls induct . g ! - X . R e t 0 ‘\ . <j = N 0 c‘X 
[*300-14. *103T1] 

*301103. h:<re(I‘(P^‘P). = . 

(gX). X e Cls induct .g!-X.PeX.cr = N 0 c‘X 
[*301T02 .*73-71-72] 

*301-104. b : a e d‘( U £ PR) . = . (<r + c 1) * PR e NC induct - i<A 
[*301-101. *300-14] 

*301-105. b i <j e CF( U £ PR) . = . (gX). X e Cls induct. R e X. <r + 0 1 = N 0 c‘X 
r*301-104] 
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*301106. h : a- € G‘( U £ 1? C R). ~ . ( 3 X). \ e Gls mduct. R e t 0 c X. a- + 0 1 = N 0 c‘\ 
[*301104] 


*301107. 

b:*e(I ‘(Utt 3 ‘R). 

~ . o- e NC ind . R 

es%a+ 0 l) 


[*301-106. *126-1] 



*30111. 

b:aea c (U[,t 3 ( R). 

= -E lR p ‘(Ql<r) 

[*301-1] 

*30112. 

h : ilf e num (R ). D . 

(aP, cr).PePotid‘ 

; R.aeG‘Urs^R.M=Pl 


[*9o-22] 



*30113. 

I- : P l 0 e num (R) 

.D.P = I\'C C R 


Dem. 





h . *90-31 . (*301-02). D 
h ; P l fie num (R) — i‘{(I [ C‘R) j, 0} . D . 

(Pin) tw*i^i i(/r^)io}. 

[*30-33.*301-l] D . (P l fj.) {Rp)% (R i 1). 

[*95-22] Z>./aET*1. 

[*300-24] 3.^ + 0 (1) 

h . (1) . Transp . D b . Prop 

*301-14. num (R) .O.P = Q 

Dem. 

b. *120-124. *90-31 . D 
H:{Si(/*+ e l)) (R p )* {(If C‘R) l 0}.D. 

{s | 0* +01)1 { R p i (R P h) {{I r C‘R) 1 0} (1) 

I-. (1). (*301-02). *301-12 . *300-14 . D 

b : S (fx + c 1) e num (R) . D . S ^ (/j, + c 1) e P^“num (R) . 3 ! fi + c 1 ■ 

[*301-1] 

D . (aP, v). P V e num ( R ) . S 1 (/x + c 1) = (P | R) j (v + c 1) . a ! p + 0 1 ■ 
[*55-202.*120-311] 

=> ■ (aP) ■ p i /X 6 num (P). 8 I (/X + c 1) = (P | R) | (/* + 0 1) (2) 

f-.(2).Dh:.Pi^Qi fienum(R).D JPiQ .P=Q:D : 

8 ^ (/u. + c 1), T ^ (fj, -f- 0 1) e num (R). D s> T . S = T (3) 

b . (31. *30112-13 . Induct. D b . Prop 

*301141.. h . a^'num (R) = C‘Un t 3 ‘R 
Dem. 

I- . *301-1. D 

I - : cr e Q. C U r\ t 3C R . <x e G‘s‘num (R) . D . (cr + 0 1) e d's'num (R) (1) 

b . (1) . *300-14 . Induct . D 1-. Prop 
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*301*15. b . s'num (R) e 1 —> Cls 
Dem. 

b . *301-14 . 3 b : M, Me num ( R ) . a ! G.‘M n GOT. 3 . M = N (1) 
b . (1). *72-32 .3b. Prop 

*301-16. b xpeC'Urs t 3 ‘R . = . E ! Rr [*301-141*15 . (*30P03)] 

*301-2. b .R° = I[G c R.R l = R [*30113161.(#301-03)] 

*301*201. b : v e C‘U r\ t 3 ‘R . 3 . (R v | v) e num (R) 

Dem. 

b . *301"16 . (*301"03).3b: Hp . 3 . R v {Pnum (R)] v . 

[*41*11] 3 . (gi/). M e num (R) . R v Mv . 

[*301-12] 3 . (a M, P, <r) . Me num (R) . M = P | < 7 . R v Mv . 

[*55‘13] 3 . ( R v | y)e num (R) :3b. Prop 

*301*21. b : v e d‘ U n t*‘R . 3 . R^* 1 = R*\R 
Dem. 

b . *301-1-201 . 3 b : Hp . 3 . R *'+‘ 1 i (v + c 1), {R v \ R) i {v + 0 1) e num (R ). 
[*30114] 3 . iP +a = R v \R:Db . Prop 

*301-22. b : E ! R v . 3 . R? e Potid ‘R [*301-201-12-16] 

*301-23. b : fi + 0 v e C* U * t 3 ‘R . 3 . R» + ' v = R* j R? = R v \ R* 

[*301 "21 . Induct] 

*301*24. b er e NC ind i /j, ^ a . v <Z fi • , * • R* 1 4" R v ‘ 3 ■ 

P {(3^) • /x < a -. P = iP} e <t + c 1 

Dem. 

b . *120 442 .Db: Hp . /j. ^ <x . v ^ a . R» = R v . 3 . fi = v (1) 
b.(l). *73-14. *301-15.3 

b : Hp . 3 . Nc'P {(a^). fi < o-. P = R»] = Nc‘0 <> < <t) (2) 

b . (2). *120*57.3 b. Prop 

*301-241. b : Hp *301-24.3 . <x n t'*R e d‘(P £ t 3 ‘R ) . iP+ a = R"\R 
[*301-24-104-21] 

*301*242. b : cr e C { U r\ t s ‘R , *v < fi. Rr = R v ."D . R"\R = R' r -^+° v +* 
Dem . 

b . *120-412-416.3 b : Hp . 3 . o- = (a- - 0 p) + c fi. 

[*301-23] ^.R* = R"-'*\Rr. 

[Hp.*301-21] D.R*\R = R*-'* \ R? + ° l 

[*301*23] = JJT-C.+.V+C1 Oh. Prop 
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*301-25. H:(g<x).P = P* . 3 . (gr). P j P = P' [*301*16*241*2421 

*30126. b : P e Potid ‘R . = . (g<r). P = fr 
Dem. 

1-.*301-25-2.Induct .31-:PePotid'P . 3 .(g<x) .P = fr (1) 
h .(1).*301-22.3!-. Prop 

*301-3. I-: R G I. <r e C*U * V*R . 3. P* = R = P 0 = C*R 
[*300-312. *301*16-26] 

*301-31. l-:P(:/.<r=|=0.3.P r *»A [*300-48] 

The above proposition is ihe ^ame as *300‘48, but is repeated here to 
show the relations of R a and R <r . 

*301-32. b :. R <L I . g ! R . 3 : g ! R„ . = . <r = 0 [*300*311 . *301*31] 

*301*4 h:fle Rel num . a e C‘U r* t 3 ‘R .3 . R a = R* 

Dem. 

h . *301*2 . *121*302.3 b : Hp . 3. P 0 = P° (1) 

b. *301*21 . *121*332.3 

b :. Hp . o- e <3‘ U * P‘R . 3 : R a = fr . 3 . ^ +cl = R*+' 1 (2) 

h . (1) . (2). Induct .31-. Prop 

*301*41. 1 - :R,S e Rel num . 3 ! P' 1 A R v . 3 . /z = v . a ! (/x + 0 1) <"> WR 


[*301*4*16. *300*55] 

*301*5. H : fi x c v e C‘ U r\ t 3t R . /j, ^ 0 . v =|= 0.3 . (P'*) 1 ' = P^ Xcv 
Dem. 

I-. *117*62*32 . 3h:Hp.3 . e C‘U * t 3 ‘R (1) 

b.(l). *301-16-2.3 b : Hp . 3 . (P^) 1 = P^ 1 (2) 

b . *301 -23 . 3 h : y + 0 1 e&Uex t 3f R . 3. (R*) M = (fry | R* (3) 

K (3). *301*23.3 

1-: (fi x c v) + 0 /j. e C‘ U n t 3 ‘R . (fry = R * Xcv . 3 . ( fry +cl = P^x^H^ (4) 

b. (4). *113-671.3 


1 -(fry = fr*'" . 3 : p x 0 (v + c 1) £ C‘U n t 3 ‘R . 3 . (P*)-^ 1 = P^ x « (r+cl) (5) 
H . *117*571*32.3 1-: p x 0 (y + c 1) e C ( Pn «*'P .3 .px c veC‘U* t 3 ‘R (6) 
h.(5).(6).3h:./* x 0 veC‘U nV‘R.D .(fry = R* Xev : 3: 

^ x 0 („ + 0 1) e C‘U« i?‘R . 3 . (R-y+^ = p^xcfr+d) (7) 
b . (1) . (2) . (7). Induct. 3 b . Prop 
*301-501. b:fi = 0.veC‘Unt 3i R.D.(R^y = R^ [*30T2’3] 

*301*502. h : fi,v e C" P n i 3t C‘R . 3 . p x c » e C‘ U n t 3 ‘R . x c v) n t 3i R £ C* U 
Dem. 

b . *300*14 . *120-5.3 I- : Hp . g ! (p x 0 v) r\ t«R . 3 . (p x c v) n f 2 ‘P e (7‘P (1) 

H.*300*14. 3 h : Hp . 3 . (ga, ^.aep.fiev.oL, t*C‘R . 

[*113-251] 3 . (ga, /3) . a. x ft e ji x c v . a, ft etf&R . 

[*113-17.*64-61] 3 . (ga, /3) . a x ^ e (p x 0 v) n t*‘R (2) 

h . (1). (2). *65*13.3 h . Prop 


17 
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*301*503. b : 1 / e NC ind . v n WR e C" *7 £ {&‘C ( R) . D . rn &‘R e C‘{ U £ f*R) 
Dem. 

b . *300*14 . D b : Hp . D . (ga) .a evr\ t‘C‘R . 

[*106*2] D . (go?, a) . cc“a evr\ t 2i R (1) 

b . (1). *30014 . D b . Prop 

*301*504. Ytfrve&Urs ?‘C‘R . i/ + 0.3 . (R*y = R^ v 
[*301*5*501*502*503] 

*301*505. b £ e D‘U. D : g ! {(+ c £)£ C‘Uy . = . % x 0 ve C‘U 
Dem. 

b . *120*452 . D b : g! {(+ c . s . g ! {(+ # &tC‘Uy .£eC‘U. 

[*300*232] =.&\(UtY.%eC t U (1) 

b .(1). *300*52 .*301-4.3 

b Hp . D : g ! {(+ c £)£ G‘U} V . = . '&l(U() v . £eC‘U. 

[*300*572] = . £ x 0 v e C‘U:. D b . Prop 

*301*51. b t v eD' *7. D : g ! {(+ c *)t C‘Uy A {(+ c v )l C‘Uy. ~ . 

f X 0 V € C‘ U. £ X c V = 7] X 0 fl 

Dem. 

b . *301*505 . *300*232. *301*4 . Z> 

b Hp . D : g ! f( +# f) f C'0? A [i+^l^Uy . = . g l(U t ),A (U n )„. 
[*300*571] = . £ x 0 v e C‘U. £ x 0 v — 7} x c fi D b . Prop 

*301*52. b : pe D‘ C7* t 3 ‘R . D . (x 0 ^i) v = x 0 <y) 

Dem. 

b . *301*2 . *113*204 . *116*204*321. D b . (x c fi) 1 = x c (^) (1) 

b . *301*21 . D b : p e a*U* P‘R . D . (x 0 = (x 0 \(x ct i) (2) 

b . (2) . D b : v e&Un t 3 ‘R .(x 0 fiY = x 0 (ji v ). D . (x 0 yii) v+a = x 0 (fi v ) | (x c/ u) 
[*116-52*321] = x c (^ +a ) (3) 

b . (1) . (3). Ioduct. D b . Prop 



*302. ON RELATIVE PRIMES. 


Summary of *302. 

The present number is merely preparatory for the definition and discussion 
of ratios. We want, of course, to give a definition of ratio which shall ensure 
that fi/v = (p x c t)/(i> x 0 t). Hence in defining pjv in any given type, we 
cannot exact that p and v themselves should exist in that type, but only 
that, if pfa is the same ratio in its lowest terms, p and er should exist in that 
type. Hence, if we are not to assume the axiom of infinity, .it is necessary to 
deal with relative primes before defining ratios. 

The theory of relative primes is concerned with typically indefinite in¬ 
ductive cardinals (NC ind). It will be observed that we have three different 
sorts of inductive cardinals, namely NCind, NC induct, and C l U. NC ind 
consists of typically indefinite cardinals, NC induct consists of all cardinals 
of some one type, and consists of all existent cardinals of some 

one type. If the axiom of infinity holds, we have 0‘U= NC induct, and 
NC ind = sin“NC induct. But neither of these is true if the axiom of 
infinity does not hold. It will be found that, where we require typically 
definite cardinals, it is C‘U or Q.‘U or D'P that we require, not NC induct; 
that is to say, we almost always want to exclude A, and sometimes we want 
to exclude the greatest existent cardinal of the type in question, or to 
exclude 0. Thus “NC induct” will seldom occur in what follows. The 
cases in which or D‘U or (PZ7 occurs are of two sorts: (1) where we 
are proving typically definite existent-theorems, (2) where we are concerned 
with series , as e.g. in *300, where we considered the series of existent 
cardinals, or in *304 below, where we shall consider the series of ratios. 
Wherever series are concerned, we must have typical definiteness, because 
the definition of “PeSer” involves G‘P, and therefore only a homogeneous 
relation can be serial. This is a particular instance of the fact that when we 
require numbers as apparent variables (as e.g. in the theory of real numbers), 
typical definiteness becomes essential. Many propositions containing the 
hypothesis “p,e NCind” (where p is a real variable) do not allow of p 
being turned into an apparent variable, because this requires that p should 
be fixed in one type, and our original proposition may demand that the 
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type in which p is fixed should be a function of p. For example, *300*17 
h : pe NC ind. D. (ga) • peC\ JJ fc t u a). 

If we fix the type of p, we thereby also fix the type of a, and the proposition 
becomes false unless the axiom of infinity is true. In fact, the proposition 
demands that, the greater p becomes, the higher must the type of a become. 
“NC ind” is not a strictly correct idea, and the primitive proposition *9*13 
does not apply without reserve to propositions in which it occurs. We have 
introduced it because it immensely simplifies the expression of many proposi¬ 
tions, and because it is easy to avoid the errors to which it might give rise if 
used without remembering that it is a concession to convenience. 

It will be found that, when we are not concerned with existence-theorems, 
or with numbers as apparent variables, “ NC ind ” is almost always the notion 
required. This applies to all cases where we are only concerned with addition, 
multiplication, subtraction and division; it applies to ratios except when 
ratios are considered as forming a series, or when we are investigating their 
existence. As regards the use of an “NCind” as an apparent variable, 
there is a distinction between “all values” and “some value.” If we have 
“pe NCind” “(gp)” will often be legitimate when “(p)” is not. The 
reason of this is that, if we are to fix upon one typically indefinite cardinal, 
it will be possible to assign one definite type in which it exists; e.g. there are 
at least two classes four classes of classes, sixteen classes of classes of classes, 
and so on. But if we are making a statement about all typically indefinite 
inductive cardinals, it will not be true unless there is a type such that our 
statement holds of all inductive cardinals in this type. 

In virtue of *300*17, if we have “pe NC ind,” we may replace it by “peC‘lJ” 
if we may take U in as high a type as we please, or if, on account of the rest 
of our proposition, p cannot be greater than some assigned inductive cardinal 
so long as the hypothesis of our proposition is true. 

The above remarks will enable the reader to test the uses of typically 
indefinite inductive cardinals as apparent variables, and the passage from 
propositions concerning NCind to propositions concerning 0*11. 

We define p as prime to a* when both are typically indefinite cardinals and 
1 is their only common factor, i.e. we put 

*302*01. Prm = p<x {p, tre NC ind : p = f x 0 r. tr = 17 x 0 r . Df >niT . r= 1} Df 

In this definition, £, 17 , r may be taken to be typically indefinite cardinals, 
because, when p= £ x c r. a- = 77 x c t, we must have p. 77 ^ cr . T-^p. t ^ er, 
so that £, r), r cannot grow indefinitely (with a given p and a*) while the 
hypothesis remains true. 

We define “ (p, o*)Prm T (p,, 1 /)” as meaning that p is prime to o*, that r is 
not zero, and p = p x 0 t . v= a x c r, i.e. pjcr is pjv in its lowest terms, and r is 
the highest common factor of p and v. The definition is: 
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4(302*02. (p, a-) Prm T {p, v). = . 

p Prm or. re NC ind - t‘0. p = p x c t . v = a- x 0 T Df 

We then put further 

4(302*03. (p, a) Prm {p,v) . = . (gr) . (p, cr) Prm T (/a, z/) Df 

Here again there is no objection to r as an apparent variable, because t 
must be not greater than p and v. “{p y a) Prm {p, v ) ” secures that pja is pjv 
in its lowest terms. 

We also define, in this number, the lowest common multiple and the 
highest common factor. 

Our definition of “Prm” is so framed that every inductive cardinal is prime 
to 1 (*302*12), that 1 is the only number which is prime to itself (*302*13), 
and the only number which is prime to 0 (*302*14). 

After a number of preliminary propositions, we arrive at the result that 
if p and v are not both zero, and £ and 77 are not both zero, the existence of 
a couple p, <r which is prime both to p, v and to £, 77 is equivalent to 
P x B rj = v x 0 £, i.e. 

*302 34 b p, v, f, 17 e NC ind . ~ (p = v = 0 ). ~ (f = 17 = 0 ). D : 

px 0 i 7 = 1 / x 0 £. = . (gp, a) . ( p, <r) Prm {p, v ) . (p, a) Prm (£ 77 ) 

We have also 

*302*36. Vi p,ve NC ind . ~ (p = v = 0) . = . (gp, cr). (p, a) Prm ( p , v) 
*302*38. b : (p, <r) Prm (p, v) . (f, rj) Prm (p,v). 3 . p — £. cr = *7 

I.e. there is only one way of reducing a fraction to its lowest terms. 

We prove also (*302*15) that if p, v are typically indefinite cardinals, which 
both exist in the type of \ {i.e. p\, v k e 0*11), then 

( p , o*) Prm (p, v). = . (p, a) Prm ( p k , v K ). 

This enables us, when we wish, to substitute typically definite cardinals for 
the typically indefinite p and v. 

*302*01. Prm = p&{p, <r eNC ind : p = £ x c t . o* = 17 x c r. D^,, T . t = 1} Df 

*30202. (p, a-) Prm T (p, v ). =. 

p Prm cr. r eNC ind — t ‘0 . /a = p x a r . 1 / = o* x c r Df 
Here p, v are to be typically indefinite in the same way as p x c r and cr x„ t. 
Thus if, in some one type, p x 0 r and <tx 0 t are both null, that does not justify 
us in writing (p, a) Prm T (A, A), because there are other types in which p x c r 
and (tx,t are not null. On this subject, cf. *126. 

*30203. (p, c )Prm ( p , v). = . (gr) .(p, <r)Prm T ( p , v) Df 

*30204 hcf (p, v) = {It) {(gp, a) . (p, <r) Prm T {p, *)} Df 

*302*05. 1cm (/a, v) « (i£) {(gp, o*, t) . (p, tr) Prm T {p, v ). f = p x„ a x e r} Df 
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*302'1. b p Prm cr . = : p, cr e NC ind : p = £ x c r. cr = 77 x 0 t . 3f >t||T . r = 1 
[(*302-01)] 

*30211 • I ~: p Prm <7 . = . cr Prm p [*3021] 

*30212.. b : p Prm 1. = . p e NC ind [*3021. *117-631-61] 

*30213. b : p Prm p . = . p = 1 
Dem. 

b . *302'12 . 3 b : p = 1 . 3 . p Prm p (1) 

b . *3021. 3 b p Prm p.D:p — lx 0 p,D.p — 1: 

[*113621] 3:p = 1 (2) 

b . (1) . (2). 3 b . Prop 

*30214. b : 0 Prm p . = . p = 1 
Dem . 

b.*302*12.3 b:/* = 1.3.0 Prm ^ (1) 

b . *302*1 . 3 b 0 Prm /*.3:0 = Ox 0 /*.yii=lx 0 /i.3./Lt=l: 
[*113-601-621] 3: /i= 1 (2) 

b . (1) . (2). 3 b . Prop 


*30216. 

Dem. 


b p, v e NC ind . p k , v k eC‘U.D: 

(p, <t) Prm (p, v ) 


(p, a)Prm(p k ,v k ) 


b. *126-101 .*300-14.3 

b :. Hp . 3 : p Prm cr . r e NC ind — i*0 . p = p x c r . v = cr x c r. s . 

p Prm cr. t e NC ind —t‘0 . p k = p x 0 r . v k = cr x 0 r (1) 
b . (1). (*302-02*03) .3b. Prop 


*302 2. b : p, ve C‘U.'^(p = v = 0). k = r{(gp, cr) . p = px 0 t . v= cr x c t] . 3 . 

E ! max ( £7)*/c . max ( U)‘k eD‘U 

Dem. 

b. *113-621.3b: Hp. 3. le/c (1) 

b . *117-62 . *113-602 . Transp. 3 

b:.Hp.T6/c.3:T^/i.v.T^i/ (2) 

b . (1). (2). *300-21-22 . *261-26 . *300'26.3b. Prop 


In the above proposition we write “ max ( U)‘k ” rather than " min ( Uyic” 
because, since U arranges the natural numbers in descending order, “min(Z7)‘/c” 
is the greatest number which is a member of k, and therefore it is less con¬ 
fusing to speak of this number as “ max ({7)‘/e.” 
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*302*21. I-: Hp *302*2 . t = max ( U)‘k . p = px 0 t . y = <x x c r . D . 

(p, cr) Prm T (p, v) 

Dem. 

b , *13*12 . D b : Hp . p — p' x 0 t' . <r = c x B r . D . 

p = p x c t x c r. v = a x c r' x 0 t . 

[*113*602.Transp.Hp] D . r' x c t =}= 0 . r' x 0 t < t . 

[*120511.*117*62] D.r'=l (1) 

I-. (1). *302*1 . D h : Hp . D . pPrm cr (2) 

b.(2). *302*2 . (*302*02). D b. Prop 

*302*22. b p, v e NC ind . ^ (/x = y = 0). D : (gp, cr, t) . (p, o-) Prm T ( p , y): 

(gp, <r) . (p, cr) Prm (p, v ) 

[*302*2*21. *300*17 . (*302*03)] 

*302*23. b :. p, v e D 4 U. D : (gp, cr) : p, cr e D 4 Z7. p x D cr = v x c p : 

£> i) e D 4 H. p x c = y x c £. f > p . i; > o* 

Dem. 

b. *300*23. *113*27.3 

b : Hp . k — D 4 p {(gcr). p x c cr = y x c p}. D . E ! min (H) 4 *: ('ll 

b . (1). *300*12 . D 

b Hp . 3 : (gp, a) : p, a eD‘U. px 0 <r = vx 0 p : 

£, 77eD‘H./xX 0 77 = yx 0 f.Df in .£>p (2) 


b . *120*51 . 3 

b : Hp . p, o- € D 4 U. p x 0 o* = y x c p . p x 0 tj = v x c £ . 3 . p x c T7 = o* x c £ (3) 

b . *117*571 .3b: Hp (3) . f, 77 e IPH. £ ^ p . 3 . f x 0 o- ^ p x c cr (4) 

b . *126*51. 3 b : Hp (4) . cr > 77 . 3 . p x 0 o- > p x c 77 (5) 

b . (4) . (5). 3 b:. Hp (4). 3 : cr > 77 .3 . £ x 0 cr > p x„ 77 : 

[Transp] D : f x c o* = p x c 77 . D . 77 o* (6) 

b . (2). (3) . (6). 3 b . Prop 

*302*24. b p, v,p, cr eNC ind — i‘0 . p x 0 <r = v x 0 p : 


p x c 77 = y x 0 £ . 77 e D 4 U. Df in .^^p.?7^J*:3.p Prm 0* 

Dem. 

b . *302*1. 3 

b : p, <7 e D 4 H. ~ (p Prm cr). 3 . (g£, 77, t).t 4 : 1 .p = | : x 0 t.o‘ = 77X c t 
[*113’203*602.*120*511.*117*62] 

3 ■ (a£ 77, r) . £, 77, t e D 4 U - t 4 l . f < p . *>7 < o*. p = £ x 0 r . o* —17 x fl t (1) 
b . * 120*51 . 3 b : p, v t p, cr e D 4 H. p x 0 cr = y x 0 p. p = £ x 0 t . o* = y x 0 r. 3 . 

P x c i} = v x e g ( 2 ) 

b . (1) . (2). 3 b : p, v, p, cr eD 4 [7. p x e <r = v x c p . ~ (p Prm o*). 3 . 

(g£, 77) . p x 0 77 = y x 0 £ . £, 77 e D 4 H. £ < p . V < <r ( 3 ) 
b . (3). Transp . *300*17 .3b. Prop 
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*302-25. h:p,£eD'H.D.(ga,£).«e(7‘H.£<£.p = (ax 0 £)+ 0 ;9 
Bern. 

h . *117-62 . *120-428 . D h : Hp . D . p < (p + 6 1) x 0 f (1) 

h . (1). *300-23 . D h : Hp . D . E! min ( U) f a {aeC‘U. p < (« + 0 1) x 0 £}. 
[*120-414-416] D . (ga). a e 0*11. p < (a + 0 1) x 0 £. p > a x 0 f. 

[^117-31.*120-452] D . (ga, £). a, £ e C‘ U. p < (a + 0 1) x 0 f. p = (a x 0 f) + 0 £. 
[*113-671] D.(ga J ^).«,/3 e C'^.p<(ax 0 f)+ 0 ^.p = (c(X 0 f)4- 0 /9* 

[*120'442.*117561.Transp] 

D.(ga,£).aeC"H.£<f .p=(a x 0 £)+ 0 £: D h . Prop 


*302-26. h : Hp *302 24 . D . (p, <r) Prm v) 

Bern. 

h . *302-25 . D 

h : Hp. D . (ga, & 7 , 8 ). p. = (a x 0 p) + 0 0. v = (7 x 0 a) + 0 8 . $ < p . 8 < a (1) 


h . *113-43 . D 

h : p, = (a x 0 p) + c . v = (7 x 0 <r) + 0 8 . ft < p . 8 < a. p x 0 a = 1 / x 0 p . D . 

(a x c p x 0 o-) + 0 (# x 0 o-) = (7 x 0 p x 0 o-) + 0 (8 x 0 p). /? < p. 8 < o-. ( 2 ) 
[*117-31.*120-452.*113-671] 

D. a x 0 p x 0 o- < (7 + 0 1 ) x 0 p x 0 <t . 7 x 0 p x„ < 7 - < (a + 0 1 ) x 0 p x 0 <r. 
[*126*51] D.a<7+ 0 1.7<«+ol- 

[*120-429-442.*ll7-25] D . a = 7 (3) 

h . (2). (3). *120‘41. D h : Hp (2) . D . x 0 < 7 - = 8 x 0 p. £ < p . 8 < <r . 

[Hp] D . £ = 0 .8 = 0 (4) 

h.(3).(4).:>h:Hp(2).D.p = ax 0 p. v = ax e a (5) 

h . (1). (5) . *302-24 . D h . Prop 

*302*27. h : p, v, p, a, g, rj e NC ind —t ‘0 . p x 0 a = v x 0 p . p x 0 = v x 0 £. D . 

f X 0 <r*=r} x 0 p 

Bern. 


f- .*113-27 . D f-: Hp . D . £ x 0 i/ x 0 o- = 97 x 0 p x 0 <r 
[Hp] =»?x 0 i/x 0 p. 

[*126’41] D.| r x 0 o-=j;x 0 p:Dh. Prop 


*302*28. h : Hp *302*24 . ^,rje NC ind — t f 0 . p x c ?? = v x 0 £. D . 

(p, o-) Prm (£, n) [*302-26-27 . *300-17] 

*302-29. h : Hp*30228 . £Prm 7 ?. D. £ = p . 97 = <t 
Bern. 

h . *302-28-1 . D 

h :. Hp . D : (g a ). % = ax 0 p . V = ax e a : % = a x 0 p . V = ax e t 7 -. . a = 1 : 

[*14122] D:^=lx 0 p.77=lx 0 <r:.Df-. Prop 
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*3023. h : v, r) e NC ind — PO. p x c t} = v x 0 £^ D . 

(ap, o') . (p, a) Prm (p, v) . (p, a) Prm (£ v ) 

Dem. 

F- . *302-23-24 . D 

h Hp . D : (gp, a) : p Prm <r .p,<re NC ind — i‘0 . p x 0 a — v x 0 p : 

ct,j3£D‘U.p,x 0 fi = vx 0 a.D a j i .a^p.fi^ <r: 
[*302-26-28] D : (gp, a) . (p, a) Prm (p, v) . (p, a) Prm (£ 77 ) D f- . Prop 

*302*31. F-: (p, <r) Prm (p,v). p. Prm v , p, = p . v = <r 
Dem. 

K *3021. (*302-02 03). D 

f-:.Hp.D:(aT).p=px 0 T.r = (rX e T:/t=p x 0 r . i/ = o-x 0 r. D T . r = 1 : 
[*14122] D.p = jjx e l.v-ffX 0 l:.Dh. Prop 

*302*32. F- : £Prmr>.pPrm v.^x e v=ijx e p,.D.^ — p,.rj = v 
Dem. 

u . *302-3-31. D 

I-: Hp. D . (gp, <r ). p Prm o-.£ = p.p = p.i 7 = o-.i/=o-:DF-. Prop 

*302-33. F-:.p,i/,£, 77 eNCind-i‘O.D: 

p, x 0 77 = i/ x 0 £. = . (gp, <r) . (p, o-) Prm (p, v ) . (p, <r) Prm (£, 17 ) 

Dem. 

h. Id . (*302-02-03). D h : (p, cr) Prm (p, v ). (p, cr) Prm (£, 77 ). D. 

(a T > T ) ■ t, t'cD'Z/. p = p x 0 t .»/ = cr x 0 t . £ — p x 0 t'.t 7 = o- x 0 t. 
L*113-27] D • (gT, r) .p X 0 ?7 = p x 0 a x 0 T x 0 t' = v x 0 £ (1) 

K ( 1 ). *302‘3 . D h . Prop 

*302-34. h p, £, 77 e NC ind. ~ (p = v = 0 ). ~ (£ = 77 = 0 ). D : 

px 0 77 = i/x 0 f . = .(gp, <r) . (p, a) Prm (p, */) . (p, <r)Prm (£, 77 ) 

Dem. 

F-. *113*602 .Dh:Hp.p = 0.i/=f=0.D.^ = 0.774=0 (1) 

F-. *113-602-621 .D 

h:p = 0 ,v 4 = 0 .^ = O.T 74 = 0 .D.p = 0 x o i/.i/=lx o ^.f = 0x o 77.i7=lx o 77. 

[*302*14] D . (0,1) Prm (p, v ). (0,1) Prm (£, 77 ) (2) 

H . (1). (2). D h : Hp. p = 0 . v + 0 . D. 

(gp, a) . (p, <r) Prm (p, p). (p, <r) Prm (£, 77 ) (3) 

Similarly F- : Hp . 1 / = 0 . p 0 . D . 

(gp, a ) • (/>> ff ) Prm (/*- v ) ■ 0 >» ff ) P rm (& *?) ( 4 ) 

F-. (3) . (4) . *302-33 . D h . Prop 

*302-35. h p, v e NC ind . ~ (p = v = 0 ). p Prm a . D : 

p x 0 <r = y x e p . = . (p, <r) Prm (p, v) [*302*34-14"31] 


K. & W. III. 
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*302*36. h : p, v e NC ind . rv (p = v = 0) . = . ( 3 / 0 , a ) . (p, a) Prm (p, v) 

Dem. 

f-. *302*14 . D h (p, a) Prm (p, v ). D : 

p, a e NC ind . ~ (p = a = 0 ) : (g-r) . t e NC ind —t ‘0 . p = p x 0 t . v = a x 0 t : 
[*120*5.*113*602] i/eNCind.~( A t = r = 0) (1) 

h . ( 1 ). *302 22 . D h . Prop 

*302 37. h : (p, a) Prm (p, v ). = . 

p,ve NC ind . <■"■> (p = 0 . v = 0 ) . p Pnn a . p x 0 a = v x e p [*302*35 36] 

*302*38. h : (p, a) Prm (p, v). (£ jj) Prm {p, v). D . p — %. a = v) 

Dem. 

h . *302*37 . D h : Hp . D . p Prm a. % Prm tj . p x 0 cr = v x 0 p . p x 0 ij = v x 0 g. 

~(p= 0 .^ = 0 ) ( 1 ) 

h . (1). *302*14 . *113*602 .Dh:Hp.^ = 0.D.p = 0.f = 0.<r = 1.77 = l (2) 
h . (1). *302*14 . *113*602 . D h : Hp . r = 0 . D . p = 1. £ = 1. o- -0 .77 = 0 (3) 
I-. *302*27 . D h : Hp x 0 77 = o- x 0 ^ - 

[( 1 ). *302*32] 3.p = Z.o- = V (4) 

M2). (3). (4). D h . Prop 
*302*39. h : (p, <r) Prm (p ) v).0.p^p>v'^a 
Dem. 

h . *302*23*36. D h p,v e D‘U. D : 

(HP. °) • ( P> o) Prm (p, v) : £ v « D r U. p x a v = v x 0 £ . D fi , . f > p . v > a : 
[*113*27] D : (gp, a) . (p, a) Prm (p, v) . p ^ p . v ^ <r : 

[*302*38] D : (p, a) Prm (p, v) . D >p > p . v > <r (1) 

h . *302*37*14 . D h : p = 0 . (p, <r)Prm (p, v ). D . 1 / =f= 0 .p = 0 . o- = 1 (2) 

Similarly h : v = 0 . (p, a) Prm (p, v) .p^O . p=l .tr — 0 (3) 

h . ( 2 ). (3) . D f- (p, a) Prm (p, v):p = 0.v.v = 0:D,p^p.v^o- (4) 

Ml). (4). *302*36 . *300*17 . D b . Prop 

*302*4. h : p,ve NC ind. ^ (p = v = 0 ). D . E! hcf (p, v) 

Dem. 

h . *302*22 . D h : Hp . D . (gp, a, t) . (p, a) Prm T (p, v ) (1) 

h . *302*38 . (*302*02*03). D 

f - :(p,<r) Prm T (/A,i').(| : ,i 7 )Prm w (/A,i/).D.p = | : . <r = 7). p = p x 0 t . p= % x c ir . 
[*126*41] D.r=w (2) 

h . ( 1 ). (2). (*302*04). D h . Prop 

*302*41. h : p, v e NC ind .~(/a = j/ = 0).D.E! 1cm ( p, v) 

[Proof as in *302*4] 
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*302 42. h : p, v e NC ind . ^ (p = v — 0) . D . hcf (p, v) x 0 1cm (p, v) = p x 0 v 
Bern, 

h . *302-4-41 . (*302-04-05) . 3 h : Hp . D . 

(3p, <r, t) . /* = p X 0 t . v = <r X e r . hcf (p, v) = t . 1cm (p, v) — p x 0 cr x 0 r . 
[*113-27.*116'34] 3 . (gp, a, t) . p x 0 v = p x 0 a x 0 t 2 . 

hcf {p, v ) x c 1cm (p, v) = p x c a x 0 r 3 : 3 I-. Prop 

*302 43. h : (p, a) Prm ( p v). D . p x 0 hcf (p, v) = p . a x 0 hcf (/*, v) = v 
[*302-4. (*302 02 04)] 

*302*44. h : (p, <r) Prm (p, v) . 0 . p x 0 v — 1cm (p, v) — crx a p 
[*302-41 . (*302 02 05)] 

*302*45. h : (p, a) Prm {p, v) . i} e NC ind • ~ (£ = v — 0) ■ p x c tj = v x 0 £. 3 . 

lcm(£ v) = p = <tx c t) 


Bern. 


h . *302-37 . 3 1 - : Hp . 3. (p, a) Prm (£ v ) 
h . (1). *302-44 . 3 h . Prop 


( 1 ) 



*303. RATIOS. 


Summary of *303. 

In this number, we give the definition and elementary properties of the 
ratio fijv. Most of the important applications of ratios are to numerical or 
identical relations, i.e . to relations which may, in a certain sense, be called 
vectors. Neglecting identical relations for the moment, let us consider 
numerical relations, and to fix our ideas, let us take distances on a line. 
A distance on a line is a one-one relation whose converse domain (and its 
domain too) is the whole line. If we call two such distances R and S, we 
may say that they have the ratio fijv if, starting from some point x, 
v repetitions of R take us to the same point y as we reach by p repetitions 
of S, i.e. if xR v y . xS p y. Thus R and S will have the ratio pfv if g! JR” n 
In order, however, to insure that pjv~ pj<r if (p, <r) Prm (p, v), it is necessary, 
in general, to substitute g!JR <r fS$’ for g!JR”r*$“. (In the above case 
of distances on a line, the two are equivalent.) Thus we shall say that R has 
the ratio pjv to S if (gp, a) . (p, cr) Prm (p, v). g ! JR* n S p . 

If we apply the above definition to identical relations, we find that, 
if JR G I . S G /, JR has the ratio pjv to S provided g! JR r\ S, i.e. provided 
g! C*R n C‘S. This application is required for dealing with zero quantities 
and zero ratios. 

Thus we are led to the following definition of ratios: 

*303 01. pjv = fas {(ap, 0 -) . (p, a) Prm (p, v) . g ! JR'A S p ] Df 

This definition, as it stands, requires justification in two respects: (1) we 
commonly think of ratios as applying to magnitudes other than relations, 
(2) we should not commonly include as examples of ratio certain cases included 
in the above definition. These two points must now be considered. 

(1) In applying our theory to (say) the ratio of two masses, we note that 
the idea of quantity (say, of mass) in any usage depends upon a comparison 
of different quantities. The “vector quantity” JR, which relates a quantity 
with a quantity m,, is the relation arising from the existence of some definite 
physical process of addition by which a body of mast will be transformed 
into another body of mass m,. Thus <r such steps, symbolized by JR', 
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represents the addition of the mass. <r (m, — Similarly if 8 is the relation 
between M a and M x which arises from the process of addition turning a body 
of mass M l into another body of mass M 2) then S p symbolizes the addition of 
the mass p (M 2 — MJ. Now g ! R" n S p means that there are a pair of masses 
m and m', such that mBriri and mS p m. In other words, if we take a body A 
of mass m and transform it so as to turn it into another of mass m + <r (m? — m^) t 
we obtain a body of the same mass to' as if we proceeded to transform A into 
a body of mass m + p (M 2 — M x ). Hence a (m^ — m^) = p (M 2 — Mj ); that is 
(m a — tor l )j{M 2 — M^ = pja. But in our symbolism the addition of m 2 — m 1 is 
represented by the vector quantity R, and that of M a — M, by the vector 
quantity 8; so in our symbolism R has to 8 the ratio of p to a. 

Thus to say that an entity possesses p units of quantity means that, taking 
U to represent the unit vector quantity, U p relates the zero of quantity— 
whatever that may mean in reference to that kind of quantity—with the 
quantity possessed by that entity. 

It can be claimed for this method of symbolizing the ideas of quantity 
(a) that it is ^always a possible method of procedure whatever view be taken 
of it as a representation of first principles, and (/3) that it directly represents 
the principle “ No quantity of any kind without a comparison of different 
quantities of that kind.” 

Furthermore analogously to our treatment of cardinal and ordinal numbers, 
we can define any definite quantity of some kind, say any definite quantity of 
mass, as being merely the class of ail “bodies of equal mass” with some given 
body. The zero mass will be the class of all bodies of zero mass ; and if there 
are no bodies with the properties that a body of zero mass should have, this 
class reduces to A in the appropriate type. 

Thus the application of our symbolism to concrete cases demands the 
existence of a determinate test of “ equality of quantity ” of different entities, 
and a determinate process of “ addition of quantity.” The formal properties 
which the process of addition must possess are discussed in the numbers 
Concerned with vector families. 

(2) Having now shown that cases apparently excluded by our definition 
of ratio can be included, we have to show that no harm is done by our inclusion 
of cases which would naturally be excluded. In order that ratio may agree 
with our expectations it is necessary that the two relations R and 8, whose 
ratio we are considering, should have the same converse domain. Otherwise 
we get such cases as the following: Let P, Q be two aeries, and suppose* 
R‘P = B‘Q, 5 p=6 <2, llp = 9 q, 13 P = 25 e , but that P and Q have no other 
terms in common. Then we shall have, if R = P t . 8 = Q lt 
(B‘P)R i 5 P .(B‘P) S*5 P , 


For notation, cf. *121. 
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whence it follows that 72 has to $ the ratio 5/4, i.e. we have 72(5/4)$. But 
we shall also have 72(8/10)$ and 72(24/12)$, i.e. 72(4/5)$ and 72(2/1)$. 
Thus our definition does not make different ratios incompatible. In practical 
applications, however, when 72 and $ are confined to one vector-family, 
different ratios do become incompatible, as will be proved at the beginning 
of Section C. And so long as we are not concerned with the applications 
which constitute measurement, the important thing about our definition of 
ratio is that it should yield the usual arithmetical properties, in particular the 
fundamental property 

pfv = p/(r. = .px <t <r=vx 0 p, 

which ite proved, with our definition, in *303*39. Thus any further restriction 
in the definition would constitute an unnecessary complication. 

In virtue of our definition of pjv, pjv = A if p and v are not both inductive 
cardinals, or if p = v = 0 (*303*11*14). We have (*303T3) h . pjv = Cw‘(vjp), 
i.e . the converse of a ratio is its reciprocal. If p = 0, and 72 {pjv) $, 72 must 
have a part in common with identity (which we may express by saying that 
72 is a zero vector), and $ may be any numerical or identical relation whose 
field has a member which has the relation 72 to itself (*303*15). Thus if v, a 
are inductive cardinals other than 0, 0jv = 0 /o\ The common value of ratios 
whose numerator is 0 is the zero ratio, which we call 0 g (where “q” is intended 
to suggest "quantity”). The definition of 0 g is 

*30302. 0 g = s‘0/“NC induct Df 

In like manner, if p and p are inductive cardinals other than 0, we have 
pjO = p/0. The common value of such ratios we call oo g , putting 

*303*03. oo g — s‘/0“NC induct Df 

The properties of ratios require various existence-theorems, and in estab¬ 
lishing existence-theorems without assuming the axiom of infinity, the question 
of types requires considerable care. We have 

*303*211. h : (p, a) Prm (p, v) . D . pjv = p/o- 

so that the existence of pjv does not depend upon p and v, but upon p 
and a, where pja is pjv in its lowest terms. We may, therefore, in consider¬ 
ing existence-theorems, confine ourselves, in the first instance, to prime 
ratios. 

To prove the existence of (p/o-)£ t‘R, when p Prm a, we take two relations 
72 and $ both contained in identity. These have the ratio p/<r provided their 
fields have a member in common and E ! 72°". E ! S p . By *301*16, this requires 
p,tre C‘( Ul £*‘72). Thus we have 

*303*25. h p Prm cr. D : 

a ! (p/a)t t<R . = .p,<r<:C‘(Ul £*‘72) . = . p (72), ir(72) e C‘U 
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But this existence-theorem, which is obtained by supposing R and 5 
contained in identity, is not much use in practice: what we require is the 
existence of a ratio between numerical relations. For this purpose, assuming 
p ^ a and <r4=0, let X be a class of such a type that Nc r f‘X^p+ 0 l. (Such 
a class can always be found in some type, by *30018.) Then we have 
pxeCPIT, and we can construct a series Q such that C‘Q is of the same type 
as X and Nc 4 C‘Q = p + 0 1. (This is proved in *262*211.) We can then choose 
out of Q a series P having the same beginning and end, and consisting of 
O -+0 1 terms. We then have 

(B‘Q) (QiY (. B‘Q ). (B‘Q) (P>y C B‘Q). 

Hence P x and Qj have the ratio pja. A similar argument applies if <r^p 
and p 4= 0. Thus we arrive at the proposition : 

*303*322. h : p Prm <r.p\, o-xeD'fT'n d l U. D . 3 ! (pja )£ (Rel num n t M ‘\) 

I.e. if p is prime to «t and neither is 0, and p + 0 1, <r+ 0 1 both exist in the 
type of X, then there are numerical relations having the ratio pfo- and having 
their fields of the same type as X. 

The case when either p or a is 0 requires separate treatment. If R has 
to 8 the ratio 0 /a, R must be partly contained in identity (*303*15); hence 
we have to find a hypothesis for g ! ( 0 /<r) f Eel num, since 3 ! ( 0 /<r)£ Rel num 
is impossible. Since Oja = 0/1, we only require the existence of 2 in the 
appropriate type, i.e. we have 

*303*63. I-: g ! 2* . D . g ! 0 g f (Rel num n 4 /X) 

It will be remembered that g ! 2 A is demonstrable except in the lowest 
type. 

In the above propositions, p, and v and p and a have been typically in¬ 
definite. Ratios of typically definite inductive cardinals are dealt with .by 
means of *302*15, which gives at once 

*303*27. \-1 p,ve NC ind . /i A , v A e C‘ U. D . pjv = 

I.e. a ratio may, without changing its value, have its numerator and 
denominator specified as belonging to any type in which both exist. This 
enables us to take p and a as typically definite cardinals in *303*322, thus 
obtaining the proposition 

*303*332. h :.p Prm a. D : g ! (p/<r)£ (Rel num r, t n ‘p) . 5 . p, a e D‘ Un CP U 
The above existence-theorems are useful in proving 
«/£ = 7 /S . = . a x 0 $ = 8 *c 7 - 

We proceed as follows: We first show (*303*34) that, if p,<r are inductive 
cardinals other than 0, and p + 0 1, a + 0 1 exist in the type of X, we can find 
numerical relations R and S such that g ! R" n S p , but rj > a . D . ~ g 1 R n . 
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This is done by taking two series P and Q having the same beginning 
and end, and having G l P e a + 0 1 . C‘Q e p + 0 1 . Then if R = P X and 8 =Qi, 
we have 

(B‘P) R* (£‘P). ( B‘P) & (R‘P): v > a . J . R> = A, 
whence the result. From this proposition it follows immediately that if 
pPrm a . f Prm 17 . tj > <r, and if er x e (HP, we can find an R and 

an S such that R ( pfa ) S . ~ {P (f/ 17 ) 8}. A similar argument applies if 77 < cr 
or £ > p or £ < p. Hence we find, by transposition, 

*303-341. h : p K> <r x e D ‘Un d‘ U. p Prm o-. f Prm v . (p/<r) = (fl v ) tt^X. D. 

p = £.o-=v 

From this point on, the argument offers no difficulty. For if we have 
a/0 = 7 / 8 . ( p , a) Prm (a, yQ) . (£, ij) Prm ( 7 , 8 ), 
we have, by *303341 211, p = ^.a = T). Hence, by *302*32, we have 
a x 0 8 = y 8 x 0 7 . What is approximately the converse, i.e. 

*303*23. b : ya, v, f, 17 e NC ind . 

~ (P - v = 0). ~ (f = 7] = 0). p, x 0 n = V x 0 f. D . pfv = f /17 
follows at once from *303*211 and *302*3. Hence, after dealing with 
special cases, we find 
*303*38. h a, fi, 7 , 8 € NC ind : 

«x, /9 x e(PZ7. v . 7 *, 8 * e GPU: <>•> (« = = 0 ). 00 (7 = 8 = 01: D : 

(«/£)£* 00 ‘X = (y/B)t t*‘\ . = . « X 0 8 = p x 0 7 
It will be observed that a/# is typically indefinite, like Nc'f, But in 
order to insure that a//3 = 7 /S however the type maybe determined, it is only 
necessary to insure that this equation holds in a type in which (a//3) £ Rel num 
exists. When we write simply “a/$ = 7 /S,” we shall mean that this equation 
holds however the type may be determined; in other words, that it holds in 
a type in which («/y9)£ Rel num exists. (There always is such a type, if 
a, 8 e NC ind — t‘ 0 , in virtue of *303*322 and *300*18.) Thus we have 
*303*391. h a, ft e NC ind . a x , y 8 \ e Cl 4 U. ~ (a = ft — 0 ) . D : 

W) t - ( 7 /S) t ^ . s . tt/fi = 7 /S. = ■ a x 0 S = /3 x c 7 

and, in virtue of *303*38, we have 
*303*39. b a, £, 7 , S e NC ind . ~ (a = £ = 0). ~ (7 = S = 0). D : 

'i/zS = 7/8 . = . a x 0 S = x 0 7 
This proposition is, of course, essential to the justification of our definition 
of ratios. 

The remaining propositions of *303 consist ( 1 ) of applications of the 
theory of ratio to powers of a given numerical relation, ( 2 ) of properties 
of 0 g and 00 q , (3) of a few properties of the class of ratios. This last set 
of propositions depends upon two new definitions, which must be briefly 
explained. 
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We have already explained that pjv is typically indefinite. Thus if we call 
pjv a “ratio/ 5 ratios are, like “NCind,” not strictly a class, because every 
class must be confined within some one type. Nevertheless it is convenient, 
just as in the case of NC ind, to treat ratios as if they formed a class; and, 
with similar precautions, we can avoid the errors into which we might be led 
by treating them as a proper class. We therefore put 

*303*04. Rat = X {( a/4> „). p, v e NC ind . 0. X = pjv] Df 

(The condition v ={= 0 is only introduced because it is usually convenient 
to exclude oo q .) It will be observed that pjv is still typically indefinite if p 
and v are typically definite. This results from *303'27. But we often want 
typically definite ratios. We want these defined in types in which there are 
numerical relations having the ratios in question. Hence we put 

*303 06. Rat def = X {( a/4> Un d‘ 77. X = ( pjv) £ t^p] Df 

Here “def” stands for “definite,” and p, v are typically definite inductive 
cardinals. The desired properties of “Rat def” result from *303322. It 
should be observed that, besides consisting of typically definite ratios, 
“Rat def” differs from “Rat” by the exclusion of 0 9 . This is merely for 
reasons of convenience. 

The properties of “Rat” and “Rat def” follow immediately from previous 
propositions. We have 

*303 721. I-: X e Rat - i% . D . (gya) . X £ t n ‘p e Rat def 

*303 73. h : X e Rat def. D . g ! X £ Rel num 

By *303 322; and by *303-391, 

*303-76. H X, Y e Rat. X l t n ‘p s Rat def. D: X £ t^p = 71 t n ‘p . = .X=Y 

If the axiom of infinity holds, every member of “ Rat ” except 0 g becomes 

a member of “ Rat def” as soon as it is made typically definite. Hence 

*303 78. h : Infin ax . D . Rat def = Rat — l l 0 q 

The uses of “ Rat ” and “ Rat def” differ just as the uses of “ NC ind ” and 
“NCinduct” differ. The distinction is only important so long as the axiom 
of infinity is not assumed. 


*30301. fil V = RS{(Kp,<r).(p,<r)?rm(p >V ).±lR**8r} Df 

In the above definition, p i a, p, v are typically ambiguous, but p, <r must 
(by *30116) exist in the type of t l R, while p, v need not do so; p, v cannot 
however, be null in all types, by *30017. 

*30302. 0 ? = £‘0/“NC induct Df 
*30303. x q = s70“NC induct Df 


18 
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*303*04. Rat = X {(g/*,»)./i,veNCind . v 4= 0. X = fijv) 

*303 05. Rat def = X {(g/*, v ). fi, v e D* U n G* U. X = (fijv )£ Df 

*3031. bt R (fijv)S. = . (a/j, a) . (p, a) Prm (p, v) . g ! R° n & [(*303 01)] 
*30311. b :~ (fi,v eNCind). D.p,jv = A [*3031.*30236] 

*30313. b . fijv = Cnv‘(vlfi) [*3031. *30211] 

*303-14. b. 0/0 = A [*303-1. *302-36] 

*30315. b : R (0 fv) S. = . v e NC ind - t*0. g ! R n I [ C‘S. 

= . V € NC ind - t*0. g ! C‘S n & (xRx) 

Bern. 

I-. *30214-38. *3031. D 
b: Ji (0/v) $. = . v e NC ind — t*0 . g ! JR 1 n . 

[*301-2] =. k e NC ind — t*0 . g ! JR A / [ C‘S : D b. Prop 

*303151. I -:.R,Se Rel num id . D : R (0 jv)S.= . 

v eNC ind - t*0. R e Rl*/. S eRel num id . g ! C‘R n C*S 
[*303*15. *300*324*3] 

*30316. f-: R (/i/0) S. = .p, e NC ind — 1 * 0 . g 1 $ A 71“ C‘R . 

= . ,* e NC ind - t*0. g ! C*R n & (xSx) [*303'1513] 

*303161. b R, S e Rel num id. D : R (fij 0) S . = . 

fi eNC ind — 1*0. R e Rel num id . S eRl*/. g ! C*R n C‘S 
[*30315113] 

*30317. b fi, v e NC ind — t*0 . R, S e Rel num id . R ( fijv) S . D : 

R, S e R VI .v.R,Se Rel num 

Bern. 

b. *303-1. *113-602. D 

b :: Hp. D JR,&eRel num id : (g p, a ). p,<r eNC ind — t*0 . g I R a n S? 
[*300-33.*301-3] 

D :.Se Rel num id:. Re Rl*J: (g/>). p e NC ind — t*0. g ! R n : v : 

R e Rel num : (g p, a) . p,ae NC ind — t*0. g ! i2°"n^:. 
[*300‘3] D:. SeRel num id R e Rl*/. g! /roS^,. v . JR e Rel num . g U 
[*300-3-33] D:.R,Se R1 */. v . R, S e Rel num :: D b . Prop 
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*30318. h p, v e D*U^R .R,Se R1‘7. 0 : 

R if.lv) S.^.R (0/v) S . = . R (p/0) S. = .%\C‘RnC‘S 
[*3031151-16. *3013] 

*303181. h : g ! (p/v). = . (gp, o-). (p, a) Prm (ft, v) 

Dem. 

h . *3031. D h : g ! (p(v ). D . (g p, tr ). (p, <r) Prm (p, v ) (1) 

h. *301-3.*300-325-17 . D h :(p, a) Prm (p, v).0. (ga ;).(x i x) (p/v) (x | x) (2) 
f- . (1). (2). D h . Prop 

In the above proposition, if fijv is typically indefinite, so that “g ! pjv ” 
only asserts existence in a sufficiently high type, p, <r may also be typically 
indefinite. But if pjv is to be taken in a definite type, p and a must be taken 
in the corresponding type, and must not be null in that type. This is proved 
later. 

*303182. h 0/0 = pjv . = : ^ (p> v e NC ind). v . p = v = 0 

Here the equation 0/0 = p/v is assumed to hold in a sufficiently high type. 
Dem. 

f- . *303-14 ,D\-:.0/0 = p/v .3: p/v = A: 

[*303181.*302'36] D : ~ (p, v e NC ind - i‘0) .v.p=v = 0 (1) 

h. (1). *3031114. Dh. Prop 

*303-19. h : R (p/v) S.-.R (p/v) 8 [*303‘1. *12126] 

*303 2. h :. (p, a) Prm (p, v) . D : R (p/v) S . = . g I R° n S? 

Dem. 

I-. *3031. D h : Hp. g ! R* n S *. D . R (p/v) 8 (1) 

h. *302 38 . *303-1. D h : Hp. R (p/v) 8 . D . g ! R* n & (2) 

h . (1). (2). D h . Prop 

*303-21. H p Prm <r. D : R (p/a) 8 . = . g ! R° n S> [*302 31. *303-1] 

*303-211. h : (p, a) Prm (p, v).^.pjv = p/a [*303'2‘21] 

*303*22. h : p Prm <r. p,ve NC ind ,<^(p = v=0). p x 0 a— vX 0 p . D. pjv — p/<r 
[*302 37. *303-211] 

*303*23. h : p, v, 7j e NC ind = v— 0).~(f = rj = 0). px 0 rj = v x c D. 

p/v=Z/ v [*302-3. *303-211] 

*303 24. h : p, v e NC ind . ~ (p — v = 0). D . (gp, a) . p Prm a . pjv = p/a- 
1*303-211. *302-22] 

The following propositions give typically definite existence-theorems for 
ratios. 
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*30326. \-:.pYrma.3i>3 L \(pl<r)tt‘ll. = .p,o-eC*(Utt?‘R). = .p(R),<r(R)eC‘U 
I.e. if p Prm o-, there are relations of the same type as R and having the 
ratio pja when, and only when, the number of relations of the same type as R 
is at least as great as p and at least as great as a. 

Rem. 

h . *303-21. D h Hp . D : a ! (p/<r)t t‘R.3. (gfif, T) . E! & . E IT*.S, Tet*R. 
[*30116] D.p,<reC*UtV t R (1) 

h. *30116*3. Dh:.Hp.D: 

p>a eC‘ t 3i R . x e tJ&R . D . (x ^ xf = (x ^ x) a = x | x (2) 

h. (2). *303-21 .D 

h Hp . D : p, <r e C‘t 3 ‘R . x e t (i t G t R. D . {x ^ x) {pfar) {x l x) (3) 

f- . (1) . (3) . *63-18 . D h . Prop 

*303*261. h : p, v * C‘Ut ?*R . ~ (p = v = 0). D . g ! {p(v)l t*R 
Rem . 

h . *302*36-39 . D h : Hp . D . (gp, a) . ( p , a) Prm (p, v) . p ^ p . v ^ <r 
[*117-32] D . (a p, <r) • (p, a) Prm (p,v).p,ae C‘U\, ?‘R . 

[*303-211-25] D . a ! (p/»)t t*R:D\-. Prop 

*303-252. h : p, v e NC ind n G< t 2 ‘C‘R. ~ (p = v = 0). D . g ! (pjv) £ t‘R 
Rem. 

h. *64-51-55 . D h : p = Nc‘a. a e t*C‘R. x e tf&R . D . I x“a e pn t 2i R (1) 
h . (1) . *300-14 . D (-: Hp . D . p, v e (Wfc t 3 ‘R (2) 

h . (2). *303-251. D h . Prop 

In the above proof, p, v are assumed to be typically indefinite. If they 
are typically definite, sm (< /i and sm“y must be substituted for p and v on the 
right-hand side of (1) and (2). The hypothesis “ p, v e NC ind n G i U\, t 2i G i R ” 
is a convenient abbreviation for 

>, i/ e NC ind . p n t‘C‘R, v n tWR e C* U fc F&R 

By *6513, 

p n t‘C‘R eC'TJlF&R.^.pC t‘C‘R .peC‘Ut t 2 ‘C‘R , = .pe C‘UtP‘C*R 
But “ p e C‘ U[, t 2i C‘R ” requires that p should be typically definite, whereas 
“ p e NC ind ” requires that p should be typically indefinite. Hence the 
hypothesis of *303"252 is otdy defensible as an abbreviation, meaning 
“ ^,veNC ind, and if p, v are given the suitable typical definition, they 
become members of C‘U[, t 2i G‘R.” 

*303-253. f-: p, v e NC ind n G i Z7£ t 2i \. ~ (p = v =0). D . g ! (p/v) ^ t^\ 
[*303-252] 

*303*254. h : p, v e NC ind . pK,v\ e C*U . ~ (p = v = 0) . D . g ! {pfv)^, £oo‘\ 
[*303-253. (*65-01)] 
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*303*26. I-: v e NC ind . ~ (p, = v = 0) . 3 . (g\) . g ! (p/ v) £ 
[*303*254. *30017] 


*303*27. : frvelSCind. p x> VKeC‘U. D . p/v = p A /*/* [*302*15 . *303*1] 


*303*3. b : p Prm o*. g ! Pp Xo<t . D . Pp (pja) P* 

Den*. 

b . *301*16 . *14*21. D b: Hp. D . p x 0 o* e C‘ U e\ JR 
b.(1). *301*5 . D b : Hp. p =j=0. ^ ■ (P^Y = P (>Xc<r = (P^y. 

[*303*21] D.Pp(p/<r)P' (2) 

b .*301*2. Dh:Hp.p = O.D.Po = /[(7 i P=Pp x c-.g [! 7p ( 7 T (3) 

b . *302*14. 2 b : Hp . p =.0 . D . <r = 1. 

[*301*2] D. P ff = P (4) 

b. (3). (4). D b : Hp . p = 0. D . g ! (P^y n (P°y. 

[*303*21] :).P>0>/<r)P' (5) 

Similarly b : Hp . o* = 0 . D . Pp (p/<r) P 0- (6) 

I-. (2) . (5) . (6) . D b . Prop 


*30331. 


Dem. 


b : p Prm cr. p=f= 0 . er=}=0. (p x c o*) ri eCHZ7. D . 

(gp). P e Rel num r\ t w ‘\. Pp (p/cr) P° 


f-. *300*46 . *301*4. D b : Hp. D . (gP). P e Rel num . (B‘P) P»**° (P‘P) (1) 
b. (1). *303*3. Db. Prop 

*303*311. b : p K , a K e CP t/ - i‘0 . p > <r. D . (gP, Q). P e (p + 0 l) r . Q € (<r + 0 l) r . 

P'Qet^X.QGP. P‘P = P‘Q. P‘P = P‘Q 

Dem. 

b . *262*21. D b : Hp . D. g ! (p + 0 l) r n (1) 

b. *117*22. Dh:Hp.Pe(p+ 0 l) r .D.(g«). a CC‘P.ae<r+ 0 1 (2) 

b . *261*26 . *205*732 . D 
b:Hp .Pe(p + 0 l)r.aCC‘P.ae*+ 0 l. 


/S = (a — t'min P ‘a — l‘ma x p a) w (‘3‘P u i‘B*P. 0 . /3 e o* + 0 1 . 
[*250*141.*202*55] D. P k £ e (<r+ 0 l) r (3) 

b . (1) . (2) . (3) . *205*55 . D b . Prop 

*303*32. b : p Prm cr.p^cr.o*=j=0.pAe(IP.D. 


g ! (p/<r)l (Rel num n t^X) r\ RS (Ppo G S^) 

Dem. 

b. *303*311. Db:Hp.D.(gP, Q). P € ( p + a l) r . Qe (<r+ a l) r . P,Q et w ‘\ . 

QQ.P.B‘P = B‘Q.B‘P = B<Q (1) 

b . *300*44*45 . *301*4. D 

b : Hp . Pe(p + 0 l) r . 8= P ,. D . Se Rel num . (P‘P)£p(P‘P) 


( 2 ) 
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Similarly 

b:Hp.Qe(<r+ 0 l) r . R = & . D . R e Rel num . (R‘Q) R" (R‘Q) (3) 

b.(1). (2). (3). *261-35 212 . D 

b : Hp . D . (gR, S). R,Se Rel num n . R^ <1$ l JR* n S* (4) 

b. (4). *303 21. D b. Prop 

*303 321. b : p Prm a .p =j= 0. a 4=0. />a, cr A e G*27. 3. a !(p/<r)^ (Rel numnl^X) 
[*303-3213] 

*303-322. b i p Prm a . p k , <r K e D‘ XJ n (T U. D . g ! (pi a) £ (Rel n um r\ t^X) 
[*303-321] 

*303-323. b : p, v e NC ind - i‘0.3 . (gX). a ! (p/v) £ (Rel num n t^X) 
[*303-322] 

*303*324. b : p, v e NC ind . p K , vk e D‘ U . ~ (p Prm v ). 0 . 

g ! (p-/v)l (Rel num n t^X) 

JDem. 

b . *302 2.2 . D b : Hp. D . 

(gp,<r,T ). p Prm <r.p={=C>'<r=^ 0 .T=|= 0 .T=^l./A = p x c T.z/=erx 0 T. g! p\ . g! vk ■ 
[*303-2-21] 

D . (gp, cr).pPrm o-. p={=^' <r^0 .p,lv = pl<r. g ! (p + 0 1 )a- a ! (<r + 0 1 )a ■ 
[*303 321] D . g ! (p/v)l Rel num : D b . Prop 

In order to the existence of (p/p) £ Rel num in any given type, it is 
by no means necessary to have p^veT)‘U in the corresponding type. If 
p Prm <r.p, <r eD‘?7r» G‘£7, (p x„ r)/(<r x 0 t) will exist, however great t may 
be, because (p x 0 t)/(<t x 0 t) = pi a. 

*303*33. b : 3 ! (pfv) £ (Rel num n t^X ). = . 

(ap, o') ■ (p> o-) Prm (p, v) . p A , <r K e D‘ U n CP U 

Dem. 

b. *303-322-211 .D 

b : (p, tr) Prm (p, v) . p A , tr K eD‘ Ur\ CP U. D. a ! (p/v)[, (Rel num n 4 /X) (1) 

b.*303-181-15-lt)-211.D 

b a ! (p/p)^ (Rel num n t^X) . D : (ap, o') . (p, cr) Prm (p, v) . p =j= 0 . a =f= 0 . 

a ! (p/ff) l (Rel num n ^‘X): 
[*303*21] D : (ap, o-) . (p, <r) Prm (p, v) . p =|= 0. cr =j= 0 : 

(gR, S),R,Se Rel num n < W ( X. a ■ R* * & i 
[*301*41] D : (ap, o") ■ (p, o - ) Prm (p, v ). p 4= 0 ■ a =]= 0 . 

a ! (p+o 1 Wo^.a!(o-+ 0 l)nfA ( 2 ) 

b . (1). (2). D b . Prop 

*303331. b p Prm or . 3 : a ! (p/cr)fc (Rel num r\ t^X). = . p K , <r x e D‘ U nG. ( U 
[*303-33. *302-31] 
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*303*332. b :. p Prm a . 3 : a ! {p(a) £ (Rel num n t^p) . = . p,a eT)‘U r» CPJ7 
.[*303*331] 

In this proposition, p, a are typically definite cardinals, whereas in 
*303*331 they are typically indefinite. 

*303*34. h:p,<7eNCind.p A ,<7 A eD‘Hn<3‘f7.77><r.3, 

(gi2, 8). R,8e Rel num n . a ! R° n 8? . ~ {a » JR? n tff} 

Note that ~ {3 ! 2 ^> n does not imply E! R? or E ! SK 
Deni. 

h. *303*311. Dh:Hp.D.( a P,Q,ie,*Sf).Pe(p + 0 l) r . Qe(<r+ C l),. 

P,Qet 00 ‘X.B‘P = B*Q.B‘P = B‘Q.R = P 1 .S = Q 1 (1) 
As in *303*32 Dem, 

\-.(l).ObiK V .0.(' K P,Q,R } S).Pe(p+ 0 l) r .Q € {<r+ 0 l) r .S = P l .R=Q 1 . 

R, 8 e Rel num . ( B ( P ) (R° n &) ( B ( P ). 

[*121 *48.*202*18l.*301*4.*300*44] 

3 . (gii, S).R,Se Rel num r\ t^X. a ! R a n S» . ~ (a ! R' ') :3b. Prop 

*303*341. H: p A> cr A eD'JJnOPfJ.pPrm 0 -. £ Prm77.(p/(r)£ (£/»/)£ 4A- 3- 

p = f. 0-77 

Dem . 

b . *303*34*21 . 3 b : p A , <r A e D‘ £T n CP ? 7 , p Prm cr. f Prm 77.77 > 0. 3 . 

(p/ 0- ) D ^ 00 ^ =1= (£Ai) D ^ 00 ^ (i) 


b.( 1 ). Transp . *302*1.3 b : Hp . 3 . rf ^ 0 (2) 

b . (2) . *303*13 . 3b:Hp.3.f<p (3) 

b. ( 2 ). (3). *117*32 . 3 h : Hp . 3 . £ A , 0 A e <J‘U (4) 

b . *303*322 . 3 b : Hp.3.a! (f/ 77 ) £ Rel num . 

[*303*11*15*16] D.f =^ 0.77 + 0 (5) 

b . (2) . (4) . (5). 3 h: Hp .3. £ A , v\ « D‘17 n Q‘£/'. 

U).(3).&^^?1 D.o■<,.,><? ( 6 ) 

b . (2). (3). (6). 3 b . Prop 


*303*35. b : 1 A e(l‘U. £Prm 77 . (0/l)£ t n *\ = (Z/vK^X . 3 . f = 0 . 77 = 1 
Dem. 

b . *300*14 ,3b: Hp . 3 . (a#, y) ,x^y .x,y et 0 ‘X . 

[*303*15] 3 . (a#, y) .x^y .(xlx) (0/1) (# 4 y) • # 4 ^ 4- V € ■ 

[Hp] 3 . (g®,y).« + y.(«i»)(£/??)(«4y)■ 

[*303*16* 17 .Transp] 3 . £ = 0. 

[*302-14] D.tj^I 

b . (1) . (2) . 3 b . Prop 


( 1 ) 

( 2 ) 
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*303-36. b p K ,<r K e(l‘U. v. f A> i/xeCI‘C r : p Prm a . f Prra rj-.D: 

(pj<r) D <oo‘X = (£/*?) D • = ■/> = f ■ <r = 77 

Deni. 

h. *30014. *302-14. D 

h /ja, o'* e CP £T. p Prm o- . ~ (p x , o- x eIPf7).3:p = 0.o-=l.v.p = l.o'=0: 
[*303-35-13] D : £Prm?;. (p/<r)£ t w ‘X = (Z/ V )t t 00 ‘X .D.p=%.a = v (1) 

b.(1). *303-341. D b. Prop 

*303-37. b :. a, yg e NC ind n (I‘(CTfc i 2 ‘X). ~ (a = 0 = 0). v. 

7 ,8 e NC indnCI‘( V fc t i( X ). ~ ( 7 = 8 = 0): D: 

W)DCX=(7/S)DCX.3- a x c 8 = 0 x o7 

Dem. 

h .*302-36 .*303 211. D b : a,ygeNC ind . a A ,yg A eQ‘^. ~(<* = £ = 0) . D . 

( 3 P, <r) . (p, o-) Prm (a, yg) . p/o- = a/£ (1) 

b.(1). *303-254-181. D h : Hp (1). (a/£)fc C* = ( 7 / 8 ) D ■ 3 • 

( 3 ?. v) • (£* 7 ) ^rm ( 7 , 8 ) ( 2 ) 

b . (1). (2). *302-21-22. *303-211. D 

b : Hp(2) . D . (ap, o-, £ 77 ). (p, <r) Prm (a,yg). (£ 77 ) Prm ( 7 , 8 ). p, <7 e d‘tf. 

p/c r = a/^ = 7 /8 = ^/7 ? . 

[*303-36] D . (gp, o-) . (p, o') Prm (a, yg) . (p, o-) Prm ( 7 , 8 ). 

[*302’34] D . a x„ 8 = /3 x 0 7 (3) 

Similarly 

h : 7,8 e NC ind . 7 *. 8 X e d‘ ~ (7 = 8 = 0). (a/yg) £ £oo f X = ( 7 / 8 ) £ t^X . D . 

a x 0 S = /3 x o7 (4) 

b . (3). (4). D b . Prop 

*303*371. b : a, yg, 7 , 8 e NC ind . a x , yg A) y k> 8 a e (7‘ U . ~ (a Prm yg. 7 Prm 8 ) . 

(a/y 8 ) t t^X = ( 7 / 8 ) D . => . a x 0 8 = yg x c 7 

[Proof as in *303‘37] 

*303 38. b a, yg, 7,8 e NC ind : a x , yg x «■ d‘ U . v . 7 *, S A e d‘ U: 

^ (a = yg = 0 ). ~ (7 = 8 = 0 ): D : 

W)D = ( 7 / 8 )D . s . a x c 8 = yg x 0 7 [*303-37-23] 
*303*381. f-:. a, yg, 7,8 <r NC ind . a x , £*, 7 a, 8 x e (7‘ *7. ~ (a Prm yg. 7 Prm 8 ) > D : 

(a/yg)£ = ( 7 / 8 )£ ioo'X. = . a x c 8 = yg x e7 [*303-371-23] 

*303-39. b :. a, yg, 7,8 e NC ind . ~ (a = yg = 0). ~ (7 = 8 = 0 ) . D : 

a/yg = 7/8 . = . a x c 8 = yg x c 7 [*303-38 . *300 18] 

*303-391. b a, yg e NC ind . a x , yg x e CP£/. ^ (a = yg=» 0 ) . D : 

(a/yg)t t w *x = ( 7 / 8 )D t^X . - . a/yg = 7/8 . s . a x 0 8 = yg x o7 
[*303-38-25411-14] 
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Thus when a/# is used as a typically indefinite symbol, we obtain the 
same results as if we supposed it defined as of a type t^X, where a+ 0 l and 
/8+ 0 l both exist in the type of A, i.e. Nc%‘\>a. lHcH a < X>0. 

#303*392. h:.o ) y8ea^.~(a = ) 8=0).D: (a/£) £ t^a = ( 7 /S) £ t^a . = . 

ajfi = 7 /S . = . a x 0 8 = /? x 0 7 [*303*391*27] 
This proposition differs from *303*391 by the fact that a, ft have become 
typically definite. It will be observed that even when a and J3 are typically 
definite, a//9, like ax 0 /3, remains typically indefinite. 

*303*4. h p Prm a .Re Rel num . D : R p (p[<r) R„ . =. g ! R pX ,, 

[*303*3*21 . *301*4] 

*303*41. h :: fi, veNCind. ~ (/a = 0 . v = 0). D 

R e Rel num . £ = 1cm (ji, v ). D : Rp (fi/v) R v . = . g I'fif 

Dem,. 

K *303*2. *300*44 0 

h Hp ,/i=j=0.v=l=0.Re Rel num . (p, a) Prm T (p,, v). D : 

H* (pjv) R v . = .ftl R MXoff n R VXtP . 
[*302*37] =.g!^ Xoff (1) 

h . (1). *302*44. D h Hp (1). £ - 1cm (p, v). D : R^ (p/v) R,. = .ftlRt (2) 
K (2). *302*220 

h:. Hp. ya=f 0. v + 0. Re Rel num . f = 1cm (p,v). D : R^pjv) JR r .=. gl R( (3) 
h. *302*44 0 

h Hp. p = 0 . R e Rel num . £= 1cm (p t v) O : £ = 0 : 

[*303*15] = (4) 

Similarly 

H Hp ,v = 0 .Re Rel num . £ = 1cm (p, v) O : JBp (pj v) R v . = . a ! Rf (5) 
h . (3). (4) . (5) O h . Prop 

*303*42. h :. Hp *303*41. £ = 1cm (p, v) O : (p/*) . 1cm (ya, v) e C 1 U 

[*303*41 . *300*26] 

*303*43. h Infin axOip^eNC ind . ~ (p = v = 0) O ft „ • (p/v) U •> 

[*303*42. *300*14] 

*303*44 h Hp *303*42. P e Ser O : (/*/*) P„. = . a ! Ft 

[*303*41. *300*44] 

*303*45. h : PeO, infin. p,^NC ind.-, (^ = 0.v = 0)0. P„(ji/v)P r 
[*300*44. *303*44] 

*303*46. h :. (p, or) Prm (p, v ). £, tj e NC ind . R e Rel num . D : 

R t (p/v) R n . = . £ x c a = 7) x 0 p . a ! Rjxcr 

Dem . 

h. *303*2110 

H Hp O : Rf (ya/i>) . = . R( (p/v) -R,. 

[*303*21] =.RlR iXctr nR 

ijXcP ' 

[*300*55] =.fx c o-=?x 0 p.a! JBf Xc<r : O h . Prop 


R. & W. III. 
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*303*461. b p> v, £, rj eNC ind . ~ (p = v — 0 ) . ~ (£ = r\ = 0 ).R e Rel num.D: 

Pf (jl/v) P, . = . £ X C V = V *0 P ■ 3 ! Planar,) 

Dem. 

b . *302*45 . D 

b: Hp .(p, <r) Prra (£ ?;) . >. £ x c <r = lcm (£ 77 ) (1) 

b . *302*35 . D 

b : Hp . (p, a) Prm (/a, 1 /) . £ x c cr = 7 / x 0 p . D . (p, a) Prm (£, 77 ). (2) 

[*302*34] D.^x 0 r = 77X c/lA (3) 

b . *302*35*37 . D 

b : Hp. (p, o*) Prm (p, v) . f x c v = 77 x c p, . D . £ x 0 a - 77 x 0 p (4) 
b . (1). (2). (3). (4). *303*42. D h. Prop 

*303 47. b :. Hp *303*461. A ~ e Pot'P . D : P f (p/i>) R n . = . f x 0 v = 17 x c p 
[*303*461] 


*303*471. b p, v, £ 77 eNC ind . ~(p = v = 0). ~ (£ = V = 0) . P e H infin . D : 

Pf (p/v) P n • = • £ x 0 1 / = 7] x 0 p 


[*303*47 . *300*44] 

*303*48. b :■ p, v, £ 7 / e NC ind . ~ (p = v = 0) , ~ (f = 77 = 0 ). D : 

Ui {pjv) U n . = . £ x c v = i) X 0 p . 1cm (£ 77 ) e (7‘ 77 
[*303*461 . *300*26] 


*303*49. b :: Infin ax . D p, v t f, 77 e NC ind . ~ (p = v — 0). D : 

Ut(p/v) 11^. = .% x 0 v = vx 0 p 

Dem. 

b . *303*15 . D b p, v, £77 e NC ind . p = 0 . ^4=0 . D : 

Z7f (jjt/v) U v .= . U ( e R1‘7. 17, e Rel num id . 

[*120*42] = . £ = 0 . 

[*113*602] = * f X 0 v = vj x c n (1) 

Similarly 

b p, v, £ 77 eNC ind . p =J= 0 . v = 0 .0 : Ut(p/v) 77,. = . f x 0 v = 77 x 0 p (2) 
b . (1). (2). *303*48 . D b . Prop 

*303*5. h : p, <r eNC ind - t‘0. 3 ! (p + 0 <r) K . D . 

( a P ) Q).Pe(p+ c l) r .Qe(a-+ 0 l) r .P,QeCX. 

P'P = B‘Q . P'P = B‘Q . C‘P n C‘Q = t‘P‘P u ^P f P 

Dem. 

b. *110*202. *120*417. D 

b : Hp . D . (a«, /3).a,fie t 0 ‘\ .aep+ o l./9eer- c l.any0 = A 


( 1 ) 
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h. *262-2 . D 

h : Hp . a, e tjX . a e p + 0 1. /3 e <r - 0 1 .an ft = A . cr =}= 2 .D . 

(gf\ S).P,Seiln t m ‘X. C‘P = a. 0*8 = ft .an ft = A. 
[*251-131-141] D . (gP, S, Q) . P, S, Q e H n t^X .C‘P = a .C‘S = J3 . 

Q = B‘PM- S -f» P‘P • C‘P n = i‘B‘P v i‘B‘Q (2) 

h . *262'2 . D h : Hp . a, /8 e t^X . a e p + 0 l.#=l‘#.#~ea.er = 2.D. 

(aP,0.^e^oo^.Pen.O f P = a.Q = (P'P)^^P‘P (3) 

h . (1) . (2). (3) . D h . Prop 

*303*51. b:.p Prm or. p 4= 0 . a =j= 0 . g ! (p + 0 o-) A . D : 

(gP, S) : R, S e Rel num n * w ‘\ . R ( pl<r)S : £/?/+p/<7. .~ P(£/t;)& 

Dem . 

h. *300-44-45 . *301-4. D 

h:Hp.Pe(p+ 0 l) r .Qe(<7 + 0 l) r . S= P x . P = Q,. 

B*P = B‘Q. B l P = P‘Q. C l P n C*Q = PP'P u PP‘P. D . g ! P- n ^ (1) 

h . *301-41. D h : Hp (1). ~ (£ « p . v = <r). D . P” n S* = A (2) 

K(l). (2). *303-21 . D 

h Hp (1) . D : P (p/<r) & : £ Prm ??. ~ (£ = p . y = a) . Df >f ,. ~ P (£/»?) $: 
[*303-36] 0 : R (p/o-) 8 : £ Prm t? . ^ 4 = p/<r. . ~ P (£/,,) S: 

[*302-22,*303-211] 

D : P (p/<r) £: £, ?; e O' P. ~ (£ = t? = 0) . £/t? =j= p/o-. D f(t ,. ~ P (£/??) £: 
[*303-182] D : P (p/<r) £:£/,? 4 = p/<r. D fi ,. ~ P (£/*?) <S (3) 

h . (3) . *300-44 . *303-5 . D H . Prop 

*303‘52. h p, t v e NC ind — t‘0 . g ! (p + c v) x . D : 

(gP, P): P, S e t»*X . P Mv) £:£/*? * pjv . D e .,. ~ P (f/i|) P 

Dem. 

h . *303-24. *302-39.3 

h : Hp . D . (gp, a). p Prm cr. pjv = p(<r . p =|= 0 . a =)= 0 . g ! p + 0 cr (1) 
h . (1). *303-51. D h . Prop 

*303 6. h : v e NC ind - 1‘0 . D . 0/v = 0 g [*303'15] 

*303-61. h : v e NC ind - i‘0 . D . vfO =00 g [*303*16] 

*303-62. h . 0 g = Cnv'oo q = RS (g ! P A / [^ C‘S) [*303*6-61*13*15] 

*303"621. h . 0 5 [* Rel num id = Cnv‘(Rel num id ] 00 g ) 

= RS(R G /. S e Rel num id . g ! C‘P r. C‘S) [*303*6*61*13*151] 
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*303*63. h : a I 2* O. a ! 0 g f* (Rel num n t K *X) 

Dem . 

I- .*303*15*6. D Y'.x^y.^.I0 q {xly) Oh. Prop 
*303*631. h : a ! 2* O. a l (Rel num n t^X) 1 oo q [*303*63*62] 
*303*65. h:al2 A O.0 
Dem. 

h .*303*62 OhiiE^yO./Og^^y).''** {/oo q (x J, y)) Oh. Prop 
*303*66. h a I 2 X O : ( M /V) = 0 g . ee . p = 0 . * e NC ind - t‘0 


Dem. 

h. *303*6 Oh; M = 0.v€NCind-t J 0O.^/j/ = 0 g (1) 

h. *303*6*15 0 

h : fijv = 0 g O. fijv = M(R <? R1‘7. 8 e Rel num id . a ! G*B * C‘S) (2) 

h . *300*3 Oh: Hp. D. (a&, y) .x^y ,x ly e Rel num n t m *X. 

[*10*24] D. a I (Rel num id — Rl‘7) r\ 2,/X (3) 

h. (2). (3). *303*11*17 0 

h :: Hp O :. (p/v) £ £ m ^ = O g O:/i,i/eNCind :^ = 0. v. i/=0 (4) 

h . (2). (3). *303*16. D 

h :. Hp. D : (fi/v) £ ia/X = 0 g O . ~ (p =f= 0. v = 0) (5) 


h . (4). (5) O h Hp . D : iji\v) £ t m *X = 0 g O.^ = 0.j/e NC ind —1‘0 (6) 

h . (1) . (6) Oh. Prop 

*303*67. h a I 2 X O : (p/v) £ t^X — oo q .~ .v = 0. pe NC ind — 1*0 
[*303*66*62] 

*303*7. h : X e Rat. = . (a/*, v) • y>, v e NC ind . v ^ 0 . X — ftfv 
[(*303*04)] 

*303*71. h:Xe Rat def. =■. (a^, v ). y>, v e D* U r\G.*U .X = (ji/v) £ 
[(*303*05)] 

*303*72 h:XeRatO.(a^).aI^D«uV [*303*26] 

*303*721. h : X <• Rat - t‘0 g . D . (a fi) • X fc ^ V e Rat def 
[*300*18. *303*7*71] 

*303*73. h : X e Rat def O . a ! X £ Rel num [*303*322*324] 

*303*731. h :. p Prm <r O : ( pja ) £ t n *p e Rat def. = . p,aeD*Ur\(I ( U 
[*303*71. *302*39] 
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#303*74. h p Prm <r . X =(p/<r) £ t n ‘p .D:g!X£Rel num. = ./>,<reD‘£7n <p£7 

[#303*332] 

#303*75. I -;Xe Rat. g ! X £ (t^p n Rel num). D . X £ t^p e Rat def 

[#303*74*71] 

#303*76. V :. X, Ye Rat. X fc t n ‘p e Rat def. D : X £ t^p Y £ Vp ■ - - X= 7 

[#303*391] 

#303*77. I-Infin ax . D: p. t v e NC ind — 1*0 .3 . pfv e Rat def 
[#300*14. #303*71] 

#303*78. h : Infin ax . 3 . Rat def « Rat - i‘0 9 [#303*7*771 

The above two propositions assume that pjv in the first, and "Rat” in 
the second, have been made typically definite, but they hold however the 
type may be defined. 



*304. THE SERIES OF RATIOS. 

Summary of *304. 

In this number we consider the relation of greater and less among ratios, 
and the series generated by this relation. We need two different notations, 
one for greater and less between typically indefinite ratios, the other for 
greater and less between ratios of the same type. The former is more 
useful where we are dealing merely with inequalities between specified ratios, 
but the latter is necessary when we wish to consider the series of ratios in 
order of magnitude, since a series must be composed of terms which are all 
of the same type. We put 

*30401. X < r 7. = . (gja, v, p, a ). p, v, p> a e NC ind .<r=f=0.^x 0 <rOx 0 p. 

X—pjv.Y=pja Df 

This definition is so framed as to include 0 9 but exclude oo q . For the 
relation “ less than ” among rationals of given type (excluding 0 9 ), we use 
the letter H, to suggest y (defined in *273), because, if the axiom of infinity 
holds, the series of rationals of a given type is an rj. The definition is 

*30402. 7<-Ratdef.X< r 7} Df 

When we wish to include 0 9 in the series, we use the notation H' ; thus 

*304*03. H' = tt \X, Ye Rat def w. i*0 q . X < r Y\ Df 

(It will be observed that here i‘Q q acquires typical definiteness through 
the fact that it must be of the same type as “Ratdef” in order to make 
“Rat def v 1*0 q ” significant.) 

If the axiom of infinity does not hold, H and H' will be finite series: 
if v + 0 1 is the greatest integer in a given type (v > 1), the first term of H 
is ljv and the last is v/1 (*304 - 281). In a higher type, we shall get a larger 
series for H, but at no stage shall we get an infinite series. If, on the other 
hand, the axiom of infinity does hold, if is a compact series (*304‘3) without 
beginning or end (*30431) and having N 0 terms in its field (*304-32), 
i.e. H is an rj (*304 33). In this case, (7‘ii = D‘iT = Rat — l r 0 9 (*304 34), 
i.e. any rational other than 0 9 , as soon as it is made typically definite, belongs 
to C*H. 
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Under all circumstances, H is a series (*304 23), and H exists in the 
type tyfX if 3 exists in the type t { \ (*304*27). In the same case, 
G*H = Rat def (*30428). Similar propositions hold for H'. 

G‘W consists of typically definite ratios, and if X is any ratio, there are 
types in which X belongs to G*H' (#304*52). If the axiom of infinity holds, 
every ratio is a member of C‘H *n every type (*304'49). 

*304 01. X < r Y. — . (a/i, v, p, a) . p, v, p, a e NC ind . a =j= 0 . p x c a < v x 0 p . 

X = pjv. F= p/a Df 

*304 02. H = XY {X, Ye Rat def. X < r F} Df 

*304 03. H’ — XY\X, Ye Rat def u i%. X < r Y} Df 
*3041. h : X < r F. = . (g/i, v, p, a ). p, v, p, a e NC ind. p x 0 <r < v x 0 p . 

X = pfv. Y ~ p/a [(*304-01)] 

*304*11. Y : pjv < r p/<r . = . <r/p <£ r v/p [*304*1] 

*304*12. Y:X< r Y. = . Y< r X [*30411 .*303*13] 

*304*13. Y : X < r Y. Z>. X, Ye Rat. F* 0 q 
Dem . 

I-. *117*5 .Dh:^x o ff<i/x o /3.3.i/x c /j=t=0. 

[*113*602] D.j/^O.p + 0 (1) 

h.( 1 ). *304*1. *303*7 . D K Prop 
*304*14. YiXHY. = .X, FeRat def.X < r Y [(*304*02)] 

*304*15. Y : XHY. = . (g/*, v , p, a) . p, v, p, a e D‘ U 

X = (pjv) £ tu*p. Y = (p/a) l t^p . p x 0 a < V x 0 p 
[*30414*1. *303*71] 

*304*161. I-: XHY. = . (gif, N,p).M< r N.Mi t^ ( p, N £ V/* e Rat def. 

X=Mlt xl ‘p.Y = Nl t tt ‘p [*304*15] 
*304*152. h p Prm v . p Prm a. D : {(p/v) £ t^p} H {( p/a ) £ t n ‘p} . = . 

p{v < r p/a .p,v,p,<r€'D i Una*U [*304*151. *303*731] 

*30416. Y : (pjv) H(p/a) . = . (a/p) H(vjp) [*304*15] 

*304161. I-: XHY. = . YHX [*304*12*151] 

*304*2. Y.HGJ 

Dem. 

Y . *303*37 . D 

^ip,v )Pt aeD‘Ur\(I‘U. (p(v) £ t n ‘p »■ (p/a) £ t n ‘p. D . p x Q a = v x 0 p . 
[*304*15] D . ~ {(pfv) H (p/a)} (1) 

I - . (1) . Transp . D Y . Prop 
*304*201. Y . ~ (X < r X) [Proof as in *304*2] 
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*304'21. h . H e trans 
Dem. 

h. *30415. D I -iIHY. YHZ . D. 

V, p, a, £, v) * /*> v > P> *, € D‘ U n CP U . /a X 0 <r < v X 0 p . 

pX 0 77<<rX 0 f.X = (ft/v) £ *n7* * Y=(pi a ) t ^ — D 0-) 

(-.*117-571 ,*120 51 .D 

b : ft, v, p, <r, %, V U r> d‘U ,pX 0 (r< r vX 0 p.pX 0 r}<trX (s ^.D. 
p X c a x 0 TJ < v X 0 p X 0 7} < i/ X 0 <r X 0 £ . 

[*126-51]D. m x c t ? <^x 0 | (2) 

h . (1) . (2). D I-. Prop 

*304-211. 1- : X < r Y . Y < r Z . D . X < r Z [Proof as in *304 21] 

*304-22. 1 ~.H € conn ex 
Dem. 

V . *126"33 . D h p, v, p, <r e D* U n CP E7 . D : 

px (s <r<vx e p,v.px e tr = vx e p.v.p X 0 <r>vX 0 p (1) 
h . (1). *30415 . D h . Prop 

*304-221. h:.X, FcRat.D:Z < r F.v.X= F.v. Y<L r X [Proof as in*304 22] 
*304-23. h.ffeSer [*304-2-21-22] 

*304 24. h : p, v e D‘U n CP . v + 1 . D . - 0 1)} 

Dem. 

h . *120-414-415 416 . D h : Hp. D . i/ - 0 1 e D'tfn d‘U (1) 

h . (1) . *304'15 . D h . Prop 

*304 241. h : p e D‘U . p+ e 1 <■ CP U . D . (p/1) ff {(p, + 0 1)/1} 

Dem. 

h. *300-14. Dh: Hp.D.p, leCPP (1) 

h . *30014 . *120-124 . D h : Hp . D. p + c 1 e D‘ U (2) 

h. (1). (2). *304-15. Dh. Prop 

*304-25. h: M ,i/€D‘Crna^.~( /i + 0 l = J B f i7. I / = l).D.M/veD^.i//p e a'H 
[*304-24-241-16] 

*304-251. h : p + 0 1 = ET. D. p/1 ~ D ‘H 
Dem. 

h.*300-14. D 

h : Hp . p, treD'EfnCPEf.D.p^p.l^cr. 

[*117-571] D.px 0 l^px 0 <r (1) 

h . (1) . *30415 . D h . Prop 
*304 26. I -p Prm v . D : pjv e D ( 2f . = . vfp e CPi? . 

= . p, v €T> f U r\(l‘U ,<^>(p+ 0 l = B*U. v=l) 
[*302-39 . *304-25-251-15-16] 
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#304*261. h . D *H — $t {(a>4, v) . jx, v e U n (I' U . + 0 1 = B* U . v = 1) . 

X = p] [#304*25*251*15] 

#304*262. h . (1*11 = X |(g/i4, v). /x, v e D‘ U n CP U . «-»» (p. + 0 1 = B‘ U. v — 1) . 

X = (v/a*)C <nV} [*304*261*16] 

#30427. h:g!#. = .g!3 

Dem. 

h. *300*14. D 

h:.a!3.D:/i = l. v = 2. fx,v eD‘U nd‘U .~(fx+ e l = B‘U. v = l). 
[*304*25] D. a' H (1) 

h . *304*261. U 

V a ! H . D : (a/4, v) \ jx, v e D‘ U n d‘ U: fx + e l e d‘U. v . v ^ 1 ; 
[*300*14] D : (a^) ■ fi > 1 • a ’■ /4 +C 2 ■ V . (a*) . * > 1.3 ! v + 0 1 : 
[#117*32] D : a ! 3 (2) 

h . (1). (2) . D h . Prop 


*304*28. 

Dem. 


h:a!3.D.a^=x{(a/t,v)./i,v€D^na^.z=(^/ v )U//i} 

= Rat def 


h . *30014. D 1-Hp. D : ft + c 1 = B‘U . D. fx > 1 (1) 

h.(l).Dh:Hp.D.~(a/4,v). M + 0 l = R^.i/ = l.i/+ 0 l= J B^. M = l (2) 
h . (2). *304*261*262. *303 71 . D h . Prop 

*304*281. h i.ftlS.3 •. fx/v ~ ft=l. v+ e l = B*U . = . vlfx = B*H 

[*304*28*261*262] 

#304*282. KO^-eC"# [*304*27*28 . *303*66] 

*30429. h : (/4/1/) H ( pftr) . fi + e p, v + 0 <r e d‘U . D . 

(W v) H {(/A + 0 p)Kv + 0 <r)} . {(/* + 0 p)j{y +0 <r)} H (p/tr) 


h . *304*1 . D h : Hp . D . p x 0 <r < 1 / x 0 p . 

[*126*5] D . /a x 0 ( 1 / + 0 <r) < v x c (/* + 0 p) • 

(fX + c p) x c <r < (y + 0 o-) x c p . ( 1 ) 

h . ( 1 ) . *304*1 . D h . Prop 

#304*3. h : Infin ax . I>. £T e Ser ft comp [*304*29*23] 

*304*31. h : Infin ax . D . ~ E ! B‘H . ~ E ! B*H [*304*281. *300*14] 

#304*32. h : Infin a x.O.C'He N 0 
Dem. 

h . *304*15 . *303*211 . *302*22 . D 

h . Nc'C^H" ^ Nc‘X {(ap, o*) ■ P Prm <r . p, <r e D‘ U ft CP 7/ . X = pjcr) 
[*303*36] <; Nc <M {(ap, o) . p Prm <j . p, o* e D‘ U n CP U. M = p | o*} 
[*33*161] <Nc‘C*Z7x e Nc‘0'£r (1) 
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h . ( 1 ). *123-52 . *300-21. Z> h : Hp . Z>. Nc'CM? < N 0 
h . *304-28 . D 

h : Hp . 3 . Nc ‘C‘H ^ Nc‘£ {(g*>) . v e T)‘U n G.*U. X - v/lj 
[*303-36J > Nc‘(D‘ Z7 o d'U) 

[*300-21] >K 0 (3) 

h.(2).(3).*117-23.31-. Prop 

*304-33. V : Infin a x.O.Hev [*304-3-31*32 . *273*1] 

*304-34. h : Infin ax . D . C*H — D *H = Rat - i‘0 q [*303 78 . *304 28] 

*304 4. h : XH'Y. s . X, Ye Rat def u t'O*. X< r Y. 

— ■ (3M» v > P> a ) • A*» v > P> a e ^1* U ■ v 4= 0. <r 4 s 0. fi x 0 <r < v x„ p . 
X- (/*/*)£ <uV • (pMD <iiV [*303-71. (*304-03)] 
*304401. hr.Infinax.DrXc.F.EE.Ztf'F [*3044.*30378] 


*30441. 


*30442. 
*30443. 
*304 44. 

*30445. 

*304-46. 

*30447. 

*30448. 

Dem. 

*304-49. 

*3046. 

*304-51. 

Dem. 


*30462. 
*304 53. 


h. D‘H 1 -1 {(a* v) . /*, r: a‘ u . v + o . 
[Proof as in *304 261] 


(p+ c l = B‘U . v=l). 

X = (f*/v)tt u ‘fi} 


h . j£ ((g^a, v). fi,ve (I‘U. ,X= {fij v) £ t u f fi\ 

h:g!tf'.£.g!2 [*304-42] 

h : g 1 2 . D . C‘2T = X {(g^a, v ). ft, v e CP U . v 4= 0. X = (/^/j/)£ i n ‘)a} 
[*304-41-42] 

h : g ! 2 . D. B‘H' = 0 9 [*30441-42 . *303‘6] 

h : g ! 3 . D. H' = 0 5 4 f H [*304-45-4 271] 
h : Infin ax. D . e 1 4- V [*304-4633] 

. H' e Ser 


h . *304-4 .Dh:g!2.~g!3.D.J5r / = 0j| (1/1) (1) 

h . (1). *304-43-46-23 . D h . Prop 

1-: Infin ax . D . = D‘H' = Rat [*30434-46] 

h : Z e C"# . D . g ! Z £ Rel num [*303-73 . *304-14] 
h:Xe C*H' . D . g ! X [ Rel num 

h . *303 63 . *304-43 . D h :-Hp . D . g ! 0 q [ Rel num (1) 

h . (1). *303-73 . *304-4 . D h . Prop 
h : Z e Rat. D . ( a/ *). Z £ e C'H' [*304 44 . *30018] 

V : Z e Rat - i'0 fl . D . (gja) . Z £ kV* e Q'H [*304‘28 . *300-18] 



*305. MULTIPLICATION OP SIMPLE RATIOS. 

Summary of *305. 

The ratios hitherto considered are called “simple” ratios in opposition 
to "generalized” ratios (introduced in *307), which include negative ratios. 
We deal with multiplication and addition first for simple ratios, and then 
for generalized ratios. In this number we are only concerned with the 
multiplication of simple ratios. 

In defining multiplication of ratios, we naturally frame our definition so 
as to secure that the product of pjp and p/a shall be (p x 0 p)}(p x 0 <r). This 
is effected by the following definition (where “ 5 ” stands for “simple”): 

*305 01. X x, Y= RSlfafi, v, p, a) . p, p,p,ae NCind . j/ + 0 . <r =^0 . 

X = p/p. Y—p/a.R {(p X 0 p)l(v X 0 a)} S ] Df 

which gives us 

*305142. b : p,pe NCind .i/=f= 0 .<r + 0 .D./*/j/x, pf a = (p x 0 p)({v x c a) 
and 

*305144. b : g l (p/p x g p/a). D. p/p x g p(a = (p x Q p)/(p x 0 a) 

The reason for the hypotheses in these propositions is that, if p is a 
cardinal which is not inductive, while p = 0 and v , a are inductive and 
not 0 , p/p = A and p/vx g pja = A, but (p x 0 p)((v x 0 a) = 0 fl . 

For the applications of the multiplication of ratios, it is essential that we 
should have, if R, S, T belong to a suitable vector family, 

R (p/p) S. S (p/a) T.D.R (p/p x g p/a) T, 
e,g. we want two-thirds of five-sevenths of T to be (2/3 x*5/7) of T. It will 
be shown in Section C that our definition satisfies this requirement. 

We prove in this number 
*3053. b : X, Ye Rat. = . X x t Ye Rat 

*C05 22. b X x, 7 = 0 9 . = : X, Ye Rat: X = 0 ? . v . F= 0 9 
i.e. a product only vanishes when one of its factors vanishes; 

*305 301. b : X, Ye Rat - 1% . = . X x t Ye Rat - 1 % 
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*305*25. h : p, v,p, a e D* U r\ G' U . D . {pjv x t pja) £ t^p e C‘II 

Thus a product of two ratios which both exist in a given type exists in 
the next type, i.a 

*305*26. I- :X, FeRat.X£ t^p, 7 fc Cp e Rat def. D . (X x, F)fc t^p e C"# 

The formal laws offer no difficulty. We prove the commutative law 
(*305*11) and the associative law (*305 41); we prove that Xx,l/l = X 
(*305*51) and that Xx,X=l/l (*305*52). Division results from 

*305*61. h A e Rat - l‘Q q . A' e Rat. D : A x, X - A' . = . X = A' x t A 
and the axiom of Archimedes is given bj r 
*305*7. h : X, Ye Rat - i‘0 9 . D . (g«). a e NC ind. Y< r (a/1 x, X) 


*305*01. X x, Y= R§[(a/i, v, p, a) . p, v, p , a € NC ind . v 0 . a 4= 0 . 

X-pjv. Y=pja*R {{px 0 p)j{v x 0 <r)}£] Df 

*305*1. h : R (X x x Y) S. = . (gp, v> p, a) . p, v, p , a e NC ind. v =f 0 . a =f= 0 . 

X =* p/ v . Y = pja . R {(p x 0 p)/(i; x c <r)] 5 [(*305*01)] 

*305*11. h.Ix,F=Fx,I [*305*1] 

*306*12. I-: X, F~ e t‘0 9 u i' oo 9 . Cnv‘(X x,F) = Ix,F [*305*1. *303*13] 

*305*13. V-1 p,v,p,a e NC ind — 1*0 . pjv — pjv . pja = p'ja '. D. 

(p x 0 p)f(v x c <r) = {p x e p)j{v x 0 </) 

Derrt. 

. *303*39 . D h : Hp .D . px e v —v x 0 p f . p x 0 a' — p f x 0 a . 

[*120*51] D . p x 0 p x 0 1 /' x c a = p' x 0 p x e vx e a. 

[*303*39] D . (p x 0 p)j(v x 0 o-) = (p x c p')/(v' x c </) : D h . Prop 

*305*131. I -1 v,p,ae NC ind — 1 { 0 . 0/v = pjv . pja = p'ja '. D . 

(0 x 0 p)/{v x 0 a) = (p x 0 p){{v x 0 </) 

Bern. 

h . *303*06 . D h : Hp. D. p' = 0 . e NC ind - t‘0 (1) 

I-. (1).*303*6 . D h : Hp. D. (0 x Q p)((v x e r) = 0 9 = (p x 0 p')((v' x 0 a '): D h. Prop 

*305*132. I- : p, v, p, a e NC ind . v =|= 0 . a 0 . pjv = p jv . pja = p'ja' ,D . 

(p X 0 p)j(v x a a) = (p X a p)/{v x^a) 

[*30513*131] 
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*30514. I*: /a 0 . p =j= 0 . v 0 . <r 0 . D . /*/*> x, pja — (p x 0 p)j{ v x 0 a) 

Dem. 

b . *3051-132 . D 
h :: Hp . D :.R(pjv x 0 pja)b . = : 

(g/4 v '> P> v') ■ f*t v> P> <*' € NC ind . pjv — pj v .pja — pja '. v 4= 0 . o' 4 = 0 : 

R {(pXop)!{vXc<r)}S ( 1 ) 

h . *303181 . *302-36 . *120 512 . D 

b : Hp . R {(/i x 0 p)j(v x c cr)} S . D . p, v, p, a e NC ind ( 2 ) 

b . ( 1 ). ( 2 ). D b . Prop 

The condition p 4 0 . p 4= 0 is required in the above proposition because if, 
e.g. p = 0 . pe NC infin, we shall have (if v, a e NC ind — 1 ‘ 0 ) pjv = 0 q . pja- = A, 
whence pjv x c pj<r — A, but (p x 0 p)j(v x 0 a) = 0 g . If we assume p, p e NC ind, 
it is not necessary to assume p^0 . p=^0. This is stated in *305T42. 

*305*141. h:.v= 0 .v.<i-= 0 :D. pjv x, pja — A 
Dem. 

|-. *303’67-ll .Dhv = 0 .^', v eNC ind . pjv — pjv . D . v — 0 ( 1 ) 

h. ( 1 ). *305-1. Dh. Prop 

*305*142. I -: p,pe NC ind - v^O.cr^O-D - pjv x t pja- — (p x 0 p)j(v x a a) 
[Proof as in *305*14-] 

*305143. I-: g ! (pjv x t pja ). D. p, v, p, a e NC ind. v 4 0. a 4 0 
Dem. 

H . *305-1. D h : g ! (pjv x t pja). D. (gp/, v'). p, v e NC ind . v'4 0 . pjv = pjv 
[*303-182-67] D. p,ve NC ind . v 0 (1) 

Similarly b : g ! (pjv x s pja) . D. p, a e NC ind . cr^O ( 2 ) 

h . (1). (2). D h . Prop 

*305*144. h: g! (pjv x t pja) .D . pjv x t pja = (p x c p)j(v x c a) [*305‘143T42] 
*305*15. b ~ (p, v,p,ae NC ind) .v.v = 0.v.<r = 0:D. pjv X, pja = A 
[*305143 . Transp] 

*30516. b :. p, v, p, a e NC ind :p, = 0.v.p = 0:j/40 ,<r 40!^* 

pjv x. pja = 0 ? [*305142. *303*6] 

*305-17. I-. X x, oo q = A [*305141. *303*67] 

*305-2. b : g ! X x 8 7. D . X, FeRat 
Dem. 

b. *3051. D 

I-: Hp . D . (gp, v, p, a) .p,v,p,ae NC ind . v 4 0 . a 4 0 . X = pjv . Y = pja. 
[*303-7] D . X, PeRat Oh. Prop 
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*30521. 

h:Xx, 7e Rat — F0 g . D. X , Ye Rat -F0 9 


Dem. 

1- .*303-72 .*305*2. D h : Hp. D. X, FeRat 

(1) 


h . *30516. Transp . 3 h : Hp. D. X+0 9 . F* 0 9 

(2) 

*305-22. 

h . (1). (2). D h . Prop 

h.Xx, Y— 0,. = : X, TeRat: X = 0 9 . v. F= 0 9 



Dem. 

h . *305T2-142. *303 66 . D 

h X x t Y=0 q . = : (g/*-, v,p,<r).X = pjv . Y = pfa . p t v, p,<r e NC ind . 


/AX o /?='0.i/x o <r + 0: 

[#303 66] = : (g/*, v, p, a) : X = pjv . Y ~ pja- .p } v,p,<r€ NC ind . 

i^=j=0-<x=|=0 : pjv — 0 q . v. pja ~ 0 g : 
[#303 7] s : JT, P"e Rat: XT = 0 ? . v. P"= 0 ? D h . Prop 

#305-222. h : X x B Ye Rat. D. X, 7e Rat [*305-21-22] 

The following propositions are lemmas designed to show that if X, Y are 
ratios which exist in a given type, X x, Y exists in the next type. 

*305*23. h : NCind . D.(2 x 0 /a)+ 0 1< 2'* +o1 [*117-652.*120429] 

*305 231. h . (p + 0 l) a = p? + 0 (2 x 0 p) + 0 1 [*116-34. *113-43-66] 

*305-232. I-: p e NC ind . D . p? < 2*+« 1 
Dem. 

b . *116-311-321 . D h . 0 a < 2°+« 1 (1) 

h . *305-231. D h : Hp . p* < *+. 1 .D.(p+ a l) a < 2*+.> + 0 (2 x c p.) + 0 1 (2) 
V . (2). *305-23 . D h : p e NC ind . p* < 2' i+ * 1 . D . (p + 0 l) a < &+' 1 + 0 &+•'. 
[*113'66.*116’52] D. (p + 0 l) a < 2* + » a (3) 

I-. (1) . (3) . Induct. D h. Prop 


*30524. 

Dem. 


h : p, v, p, a e D* U n (F U . D . 

(p X 0 p) r\ t*p, (v X 0 o-) n t‘p € D‘ U n (F17 


h . *116-72 . D h : Hp . D . (2^ n t‘p)eC‘U. 

[*305-232] 3 . p* nt'pe&U (1) 

h. *116*35. DhsHp.D.^A^eD 4 ^ (2) 

Similarly h : Hp . D . v a n n F/a, °" a t‘peD‘Ur\ Q‘I7 (3) 

h. *117-571. D 


h Hp . D : p x a p^p* . v. /a x 0 p ^p a : v x 0 <r p*. v . v x 0 cr^ o- s (4) 
I" * (1) ■ (2) ■ (3) ■ (4) . D h . Prop 
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*305*25. h : /a, v, p, a* e D* U r\ (F U . D . (/a/p X t pja ■)£ e C‘H 

Dem. 

h . #305*14 . D h : Hp . D . /a/p x t pja — (/a x 0 p)j(v x 0 <r) (i) 

I-. (1). *304*28 . *305 24 . D h . Prop 

*305*26. h : X, Ye Rat. X£ $,//*, F£ Va« Rat def. D. (X x, 7 )[ e C‘H 

[*305*25. *304*28] 

*305*27. h: X, Ye Rat - i*0 q . D. (a/*). (X x, P)fc 6 
[*305*26. *303*721] 

*305*28. h:X > reRat.D.(a/A).(Xx,F)t« 1 N ,VeO , J ff / [*305*27*22] 

*305*3. I-: X, F e Rat. = . X x, Y e Rat 
Dem. 

h. *305*142 . *303*7 . D h : X, Y e Rat. D . X x, Ye Rat ( 1 ) 

h.(l). *305*222.31-. Prop 

*305*301. h : X, Ye Rat - t‘ 0 g . = . X x, Fe Rat - i‘0 q 
[*305*142. *303*7. *305*21] 

*305*31. h : (g/A). X t t n ‘p., Y £ ^‘/a eC‘H. = . ( 3 p). (X x, F) £ *„‘p e C ( H 
[*305*301. *304*53] 

*305*32. h : ( 3 W ■ X t Y £ V/a « C‘JT . = . (a*). (X x s F) t t n ‘v e C‘H' 
[*305*3. *304*52] 

*305*4. h : v, o* e NC ind ./a^O./j^O.t^O.D. 

(\//AX < p/p)x < (o-/T) = (\x 0 px 0 a-)/(/AX 0 px 0 T)=\//AX g (p/px Jt o-/T) [*305*142] 

*305*41. \- .(X x,Y) x B Z= X x t (Yx„Z) [*305*4*2] 

*305*5. h : p. =f 0 . D. (\//a) x, (1/1) = \fp. [*305*14*142*15] 

*305*51. I-: X e Rat. D . X x, ( 1 / 1 ) = X [*305*5] 

*305*52. h : X e Rat - 1 %. D . X x, X = 1/1 
Dem. 

h . *305*14. *303*13 . D 

h : Hp. D . (a/*, v).p. y ve NC ind - i' 0 .Xx,I = (/a x 0 v)j{v x 0 /a) . 
[*303*23] D. X x„ X = 1/1: D Y . Prop 

*305*6. h :. A £ Rat — i‘ 0 g . X € Rat. 3 : A x s X = A'. = . X — A' x g A 
Dem. 

h . *304*1*4 . *305*32*222. D 

h : Hp . D . ( 3 / 1 , v, tp, a*, £, 7 /)./a, p, treNC ind — F 0 . p, £, i? e NC ind . 

A = p./v . X = pja . A' — gji) (1) 
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I-. *305142 .Dh./i, v, a-eNCind-^ ^ 0.p,£,^7eNCind.^: 

W 1 ' x t p[<r = £/i? . = . (p X 0 p)((v X 0 a) = £/ij. 

[*303'38] = ./iX 0 j5 x 0 ?; = px 0 o'X 0 ^. 

[*303*38] =.pl<r = {v x 0 f)/(p x 0 97 ) 

[*305142.*30313] = f /77 x„Cnv‘(p/i/) ( 2 ) 

h . (1). (2). D I-. Prop 

*305‘61. h A eRat — i l 0 q . A' e Rat. D : A x s X = A'. = . X = A' x s A 
[*305-6-222-32] 

*305-7. h : X, Ye Rat - 1 %. D . (ga). a e NC ind . 7 < r (a(l x g X) 

Dem. 

h . *117-571. *120-511. *117 62 . D 
h : p, v, p, <r e NC ind — 1‘0 . £ > z>, 3. 

/ A X 0 |3Xo|Xoff>J/X c p. 

[*3041] D . (p/<r) < r (p x 0 p x 0 f )/p. 

[*30514] D . (p/«r) < r x f (p x 0 0/1} (1) 

h . ( 1 ). *304-1. *120 5 . D h . Prop 

*305-71. h Ze Rat - t‘0 9 . D : X < r F. = . X x s Z < r Y x t Z 
Dem. 

V . *305-142 . D h : Hp. X < r Y. 0 . 

( 3 P, P> c, 77 ) . p, p, p, o\ 7 / e NC ind .v^O.o-^O.^^O.tj^O. 
X = fljv . Y- pjtr . Z= f /77 . P x 0 O- O x 0 p . 

Xx s z = (p. x 0 £)/O x 0 77 ). 7 x. t z=(p x„0/(<r X 0 T 7 ). 
[*304-1 .*126-51] D . X x 8 Z < r Y x s Z ( 1 ) 

h.(l).I>h:Hp.Xx g Z< r yx g Z.D.Xx g Zx g Z< r rx,Zx 8 Z. 
[*305-51-52] D.I< r F 

h - ( 1 ) . ( 2 ) . D h . Prop 


(2) 



*306. ADDITION OF SIMPLE RATIOS. 


Summary of *306. 

The addition of simple ratios is treated in a way analogous to that in 
which their multiplication is treated. We wish to secure that the sum of 
\fv and pjv shall be (\+ 0 p)jv, and that the sum of pjv and pjc r shall be 
{(/a x 0 <t) + 0 (x> x 0 p)}j(v x 0 <r). This is secured by the definition 

*306*01. X +„ Y— RS [(a/t, v, p). p.,v,p€ NC ind . v 4= 0. 

X-p/v. 7 = pjv . R {(p, + 0 p)(v) S ] Df 

whence we obtain 

*306*13. h : v 4= 0. D. pjv -f e pjv — (p + 0 p)jv 

*30614. h:i'4 : 0.<r=} i 0.D. pjp + g pftr — {(/a x 0 tr) + 0 (v x 0 p)}/(v x 0 a) 

Our definition is so framed that oo q +, oo q = A. This is on the whole 
convenient, though we could, of course, frame our definition so as to have 

00 ^ | £ 0© q OO q ■ 

In applications, if R, S, T are members of a suitable vector-family, we 
want to have 

R (fijv) T . S (pjv) T.0.(R\S ) (pjv +„ p/a) T, 
e.g. if a vector R is 2/3 of T, and a vector S is 5/7 of T, we want the vector 
which consists of first travelling a distance R and then travelling a distance 
S to be (2/3 +,5/7) of T. We shall show in Section C that our definition of 
addition fulfils this requirement. 

As in the case of products, the sum of two ratios is a ratio (*306*22), and 
the sum of two ratios which exist in a given type exists in the next type 
(*306‘64). A ratio is unchanged by the addition of 0 ? (*306*24), and a sum 
of two ratios is only 0 q if both the summands are 0 9 (*306*2), No difficulty 
is offered by the formal laws: we prove the commutative law (*306*11), the 
associative law (*306*31), and the distributive law (*306*41). 

An important proposition is 

*306*52. I -X < r Y. = : X e Rat: (rZ) .Ze Rat - t‘0 9 .X+,Z=Y 
When the axiom of infinity is assumed, this proposition becomes 
XH'Y. s : X e G l H ': faZ). Z e C‘H .X+ S Z= Y. 
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We prove also the proposition upon which subtraction depends, namely 
*306 54. b X, Ye Rat. D : X +, F- X + S Z. - . Y = Z 


*306 01. X + s Y= US [(gp, v, p). p,v,pe NC ind. v 4= 0. 

X = p/ v .Y=pfp.R{{p+ 0 p)!p}S] Df 
*3061. b : R (X +„ F) S . = . (gp, v, p) . p, v, p e NC ind . v =j= 0 , 

X = p/u. Y^pjv .R {(p + 0 p)/v} S [(*306-01)] 
*30611. b. Z + g Y = Y +, X [*306-1 . *110-51] 

*30612. b : a ! (X +, Y ). D . X, Y e Rat [*3061 . *303-7] 

*306-121. b : pjv = p!fv . pjv = p'jv . D . (p + 0 p)jv - (p' + 0 p)jv 
Bern. 

b . *303"39 . D b : Hp . p, v, p, p!, v, p' e NC ind . v =f 0 . v =f 0 . D . 

fiX a V= p' X 0 V . p x 0 v = p' X c V m 

[*113-43] D . (p + 0 p) x 0 v - {pi + c p) x 0 v . 

[*303-39] D .0* + 0 P)\v = </*' +c p)}v (1) 

b . *303-131 . *302-36 . D 

b : Hp . ~ (p, v, p, pi, v, p e NC ind). D . (p -f c p)jv — A . {pi + 0 p')jv = A (2) 
b. (1). (2). *30367. Db. Prop 

*306"13. b : v 4= 0. D . pjv + g p/v = (p + 0 p)Jv 
Bern. 

b .*306'1. D b : Hp . D .{p-¥ 0 p)jvQ.pjv+ s pjv (1) 

b . *306*121 . D 

V \ pjv = pi }v . pjv ■= p' jv . X \{p! +'p)lv\ Y.D.X {( p+ 0 p)/v ] F (2) 
b . (2) .*306 1. D b . pjv + g pjvG{p.+ ii p)/v (3) 

b . (1) . (3). D b . Prop 

*306"14. bji/^fO.o-^O.D. p-jv + s pj <r = {(p x 0 <r) + 0 {p x 0 p)}j{v x 0 <r) 

Bern. 

b . *303-39 . D 

b : Hp . p, v, p, cr e NC ind . D . pjv = (p x 0 a)j{v x 0 a) . pja — (v x 0 p)j{v X 0 <r) . 
[*306-13] D. pjv+ s pf<T = {{p x 0 or)+ 0 (y x a p)\f{v x c <r) (1) 

b . *30612 . *303-11 . D 

b : ~ (p, v, p, a e NC ind). D . pjv + g pja = A. i(px 0 o-) + c {vX 0 p)}j{p X 0 <r)=A (2) 
b . (1) . (2) . D b . Prop 

*306 141. b v = 0 . v . or -0 : D. p/v + g pfcr = A [*306’12 . Transp. *3037] 
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#30615. h: pjv +, pja = 0 q . = .p~p = 0.v,ae NC ind — t *0 

Bern. 

h . #30614 .*303-66 ,Dh:/i = / 3 = 0 . v, ae NC ind - i‘0. 3 .pjv+ s pja=0 q ( 1 ) 
h.*30612. 3 h : pjv + g p/<r = 0 ? . D . p, v,p, a eNC ind ( 2 ) 

h.*306141. D h : p/i4+* pja — 0<j . D . v 4 1 0 . a ^ 0 ( 3 ) 

h . (3). *30614O h : Hp (3) O . {(p x 0 a) + 0 (v x 0 p)}/(* x 0 a) = 0 g . 

[#303*66] D . (p x 0 a) + 0 (v x 0 p) = 0 . v x 0 a ^ 0 . 

[*110*62.*113602] D.p = p=0.i'=|=0.<r + 0 (4) 

1“ ■ (1) ■ (2) ■ (4) O h . Prop 


#306*16. h . X + g F = RS [(gp, v, p, a-). p, v, p, a e NC ind . v ^ 0 . a =j= 0 . 

X = pjv.Y~pja.R {(/* x 0 a+ c v x 0 p)jv X 0 a) &] 

[*306*1412] 

#306*17. h : p = 0 . v, p, a e NC ind . v =f 0 . a 0.3 . pjv + g pja = pja 

Dem. 

h . #303*6. D h : Hp . D . pjv= Oja. 

[*306*13] D . pjv +* pja- = (0 + 0 p)ja Oh. Prop 

*306 2. h:X+,F=0 } .s.I = 0,.rs0j [*306*1512] 

*306 22. I-: 1 +, FeRat . = . X, FeRat 

Dem. 

h . *30616 . *303*7 O h : X +, Ye Rat. = . 

(gp, v,p, a) . p, v, p, a e NC ind . X = pjv . F = pja . v X 0 a =1= 0 . 

[*113*602]= . (gp, v,p, a-) . p,v,p,ae NC ind . X - pjv . F= pfa. v * 0 . o- $ 0. 

[*303*7 ] = . X, Y e Rat O h . Prop 

*306 23 h : X + 4 F e Rat — i*Q q . = * X, Ye Rat. ~(X = F= 0 ? ) 

[#306*22 . *303*7 . *306*2] 

#306*24. h : X e Rat O . X + e 0 q = X [*3061711] 

#306*25. h : X +, Ye Rat. = . g ! (X + s F). = . X, Ye Rat 

[*30612-22. *303*26 . *30614] 

Here X +„ F rrmst be taken in a sufficiently high type, otherwise J+, F 
may be null when X, Fe Rat. 

*306'3. h . (Xjp vjp) + t a/r — Xjp +, (vjp 4* ajr) 

Dem. 

h . *30614 Oh:p=|=0.p=f0.T=|=0O. (*ff Jb +* v/p) + t ajr 
= {O x 0 p) +c (/* x c v))j{p X 0 .p) +, ajr 
[*30614]= [(X x c p x 0 t)+ 0 (p x c v x 0 t) 4 c (p x 0 p x c <x)l/(p x 0 p x c t) 

[#113*43] = [' A x c (p x e t)| + c [p x c (<> x 0 t) 4- 0 (p x c <r))]]/{/* x 0 (p x 0 t)} 
[#306*14] = xjp + g {(*/ x c t) + c (p x 0 <t)\Kp x c t) 

[*306*14] = X/p + g ( v /p +, ajr) (1) 

h . (1). *306*12 Oh. Prop 
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*306*31. I-. (X +, Y) +, Z = X +, ( Y+„ Z) 

Dem. 

h . *306*3. D h : X — \{p. .Y ~vfp. Z = ajr . D . 

(X+ g Y)+,Z = X+ s (Y+,Z) (1) 

|-. *306*25 .Dh'v (gX, p» v, p, a, r) . X = X/p. Y = vjp . Z = trjr. D . 

(X+ 8 Y)+ t Z = k.X+ t (Y+ t Z) = k (2) 

I-. (1). (2). D f-. Prop 

*306*4 I-. X/p X, (v/p +, u-/r) = (X/p x, v/p) +»(X/p x, <t/t) 

Dem 

h . *306*14 . D h : X, p, v, p, a, r e NC ind .p^O.v^O.o-^O* D . 

a//a x g (vjp +, <r/r) = X/p x, {(v x 0 t) + 0 (p x 0 o*))/(p x 0 t) 
[*305*14] =« [X x 0 {(v x 0 t) + 0 (p x 0 o-)}]/(/* x 0 p x 0 r) 

[*303*23] = [Xx 8 /i x 0 {(v x 0 r) + c (p x c <r)]]/0* x 0 p x 0 p x c rj 
[*113*43] = {(X x 0 x 0 v x c t) +o(X x 0 /ix c p x c <r)| ^p x c p x c p x c r) 

[*30614] = (X x 0 v)/(p x c p) +,(X x 0 o*)/(p x 0 t) 

[*305*14] = (X/p Xg vjp') +, (X/p Xg <t/t) (1) 

h . *305*2 . *306*22 . D h : g ! X/p x, (vjp + s afr) . D . X/p, v/p, cr/r e Rat. 
[*303*7] D.Hp(l) (2) 

h. *306*12. *305*143. D 

H : g ! {(X/p Xg v/p) +, (X/p Xg cr/r)} . D . X/p, v/p, <r/r e Rat. 

[*303*7] D.Hp(l) (3) 

h.(2).(3).D 

h : ~ Hp (1) . D . X/p Xg (v/p +, <t/t) = A = (X/p Xg v/p) + g (X/p x g <r/r) (4) 

h . (1) . (4) . D h . Prop 

*306*41. V .X x t (Y+ g Z) = (X x t Y) + g (X x„Z) [*306*4*25 .*305*2] 

*306*51 h . X +, (v/1 Xg X) = (v + 0 1)/1 Xg X 
Dem. 

h . *306*12 . J h g ! {X +* (v/1 x, X)}. D : X. v/1 x s X e Rat: 

[*305*3.*303*7] D : v e NC ind : (gp, <r) . p, a e NCind . o*^ 0 . X = pjcr (1) 

I-. *305*2 . D h g ! {(v + e 1)/1 x, X]. D : (v + p 1)/1, X e Rat: 

[*303*7.*126*31] D : v e NC ind : (gp, a). p, a e NC ind . o- =j= 0 . X = p/a (2) 

h . *305*142 . D t- : v, p, <r c NC ind . a =f 0 . -> . v/1 x B pjtr = (v x 0 p )/a . 
l '* 306*13] D . p/o* +, (v/1 x, p/<r) = {p + n (v x c p)}/o* 

[*113*671] -.{(vM- c l)x c p}/*r 

[*305*14] =(v+ 0 l)/l Xg pja 

h . (1) . (2) . (3). D h . Prop 


( 3 ) 
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*306-52. I -X < r F. = : X e Rat: faZ) .Ze Rat - 1% .X+,Z=Y 
Dem. 

h. *30613. *119 34. D 

h : p>, v, p, a- e NC ind .p40.<r=|=0.X = ^f v . y = pfa . p, x 0 a < v x 0 p . 

£=(* x 0 p)-c (fix 0 <r).z= £/0 x 0 ff).D.I+,^=(i'X o p)(i. v x„<r) 
[*303-23] = p/a 

[Hp] = F ( 1 ) 

h.(1).*3041*13. D 

|-:. X < r F. D : X eRat: (gX) . XeRat —t‘0 g . X + g Z—Y (2) 

h.*306-14. D 

h : p., v. p, a e NC ind .p^O'P^O'O-^O.X^ p\v . X = p[cr. Y= X + t Z. D . 
Y= [(/* x 0 a) + c iv x 0 p)}/(* x 0 0 -) . [{(/A x 0 a) + c (y x 0 p)} x 0 i/] > p x 0 (i> x 0 a-). 
[*304-1] D.X< r F (3) 

I- . (3) . *304-1 . D h : X e Rat . Ze Rat - i% . X + s Z = F . D . X < r F (4) 
h . (2). (4) . D h . Prop 

The above proposition requires that X and F should be taken in a 
sufficiently high type, namely at least in a type in which, if X = p/v and 
F = pja, where p. Prm v and p Prm a, (iv x 0 p) + 0 1 and (/a x 0 a) + 0 1 are not 
null. Otherwise there may be no Z such that X +, Z = F. 


*306*53. h:. p., 

veNC ind . v 0 ■ 0 . 0. 

, D: 




p/v+ t 

p/o 

■-p.jv+ s ^/y . = 

. pja = £/ij 

Dem. 



h .*30612.D b 

: Hp . p/v +* pja = p/v +, %/y . ~ 


(reNOind). D . 



P-jv +, %/v = A. pi a = A . 



:i) 

[#306-25] 

D . ~ f/i? e Rat}. 




[Hp.*303-7] 

D.~(£ ijeNCind). 




[*30311.(1)] 

0.%/y = p/<r 



(2) 

h.*306-25. Dl¬ 

: Hp . p/v + t pja =* pjv + g %/y . p, 

o- e 

NC ind . D . 



y e N C ind 



(3) 

l'. (3). *30614. 

*303-39 . D 





I* : Hp (3) . D . {(p. X 0 <r) + c {V X 0 p)} X 0 ir X 0 V « [0* X 0 *) + c (* X c £)} X c * X c (7 . 
[*113-43] 

D . (p. x 0 a x c v x c ?;) + c (v 2 x c px c v)- (/* x c o- x c p x 0 t?) + c (v* x 0 |x c <r). 
[*126-4] D . i/ 2 x 0 (p x c 97 ) = v 2 x c (£ x c <t) . 

[*30339] D . pi a = £j v 

• (2) . (4) . D h Hp . D : /x/v +, p/a = p/v + g Zlv • 3 ■ p/ 0- = 
h ■ *306-1. D h : p/a = ^. 3 . p/v +, p/a = p/v +* £/i| 

*-. (5) . (6) . D h . Prop 


(4) 

(5) 
(«> 
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*306 54. h:.X,7eRat.:>:X+ g 7=X+ g Z. = . Y = Z 
Dem. 

h .*306*25 . D h Hp. D : X+ g Ye Rat : 

[*30625] 0:X+ g Y=X+,Z.3.Ze Rat (1) 

I-. (1). *306-53 . *303-7 . D h . Prop 
*306-55. h : 7 < r X. D . ~ (gZ). X + s Z = F 
Dem. 

h . *117-291. *304-1. D h : Hp. D. ~ (X < r 7). 

[*306-52] D . ~ (g£) .Ze Rat - 1 %. X + g 7 (1) 

h . *306*24. *304-1. D b : Hp . D. ~ (X + g 0 q = 7) (2) 

h. *306-25. Dh:Hp.X+ g Z=7.3.ZeRat (3) 

h.(l).(2).(3).Dh.Pro P 

The following propositions are concerned with the existence of X + g 7 in 
definite types. It will be shown that if X, 7 exist in a given type, X+,7 
exists in the next type, i.e. if X £ t u ‘p, and 7£ t^p, exist, then (X + g 7)£ t M ‘p. 
exists, where X, 7 are rationale. 

*306*6. h : fa p e D *U a (F U . D. (/* + 0 p) a t‘p, e D* a (F U 
Dem. 

h . *305-23 .Dh:Hp./*<p.D./ A + 0 p< 2 **+' 1 (1) 

Similarly h : Hp . p ^ p. . D . p + 0 p < 2' t+#1 ( 2 ) 

h . ( 1 ). (2) .*116-72 . D h . Prop 

*306*61. \-1 /j,, v, p e Q‘ Ur\ Q.‘ U. 3 . {pjv + g piv) a t^p, e Rat def 
Dem. 

b .*306*13-6. .pfv+ g p/v=(p>+ a p)lv.(p+ 0 p)r\t t p,vr\t t p€D t U aG‘I7. 


[*303‘7l] D. {p/v + s pfv) a e Rat def: D h . Prop 

*306*62. h : p, v, p e D* U a (F 17. D . (pjv +* pjp) a t m ‘p e Rat def 
Dem. 

h.*303-39 . D h : Hp . D . pjv + g pjp~pjv +„ vfv (1) 

h . (1). *306-61 . D h . Prop 

*306621. |-:o-eNCind. D . o- 2 <r+ 0 1 < 2" 

Dem. 

h. *116-301-311. Dh.0 a - O 0+ O l<2° (1) 

h.*116-3?l-331. DI-.1*- 0 H- 0 1<2 1 (2) 

I-. *117-55. *126-5. D h . 2 2 - c 2 + 0 1 < 2 2 (3) 

h . *305-231. D h : Hp. o- > 1. a 2 - 0 o- + 0 1 < 2'. D . 

{a + 0 l) 2 -o (<r + 0 1) + 0 1 < 2- + 0 (2 x 0 a) . 

[*ll7-652.*116-52] D . (a + 0 l) 2 - 0 (<t + 0 1) + 0 1 < 2-+* 1 (4) 

h . (1). (2). (3). (4). Induct. D h . Prop 
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#306-622. t-: p e NC ind — t‘0 . D . — 0 l) s = p 2 - 0 (2 x 0 p) + c 1 

Dem. 

h. *305-231^=^. D h : Hp .D .( p - 0 l) a + 0 (2 x 0 (p.— 0 1 )} + 0 1 = /u. a ( 1 ) 

h . #113-43 . #120-416 . D h : Hp. D . {2 x 0 (/* - 0 1)} + 0 2 = 2 x 0 ^ (2) 

h.(l).(2). D h : Hp. D .(/t — 0 l) a + c (2 x 0 p) = p 2 + 0 l (3) 

h. (3). #119-32.3 h. Prop 

#306*623. b i ft, v, p € NC ind .j'<^./3^j».D.(/iX 0 /i)+ 0 (i»x c j3)< 2* +a 
Dem. 

h . #120-429 . D h : Hp . D . (p x 0 /*) + 0 (* x 0 p) < ^ + 0 - 0 1)* . 

[#l20-429.#306-622] D . (/a x 0 /a) + 0 (p x 0 p) < (2 x 0 ~ 0 (2 x 0 p) + 0 2 
[*306-621.#126-51] < &+* : D h . Prop 

#306-624. hi/^.p, o-eNC ind .*/</*.p^p,.<r^p,.D. 

(/a x 0 c) + 0 (p x 0 p) < 2^ +<i 1 [*306-623] 


#306*63. b : p, »>, p, <r e 17 n (1*17 .D. (p/p + g p/a) £ t^p e Hat def 
Dem. 

h . #306*62. D h : Hp. v = p . D . (p./v + g p/c) £ e Rat def (1) 

h . *306-624 . #305-2*. *303 71 . D 

h : Hp .y<^.p^ya.o-^/A.3. (/a/v + g p/<r) £ t^p e Rat def (2) 
Similarly 

h:Hp.r<p.p<p.<r<p.D. (pjp + g p/<r) £ e Rat def (3) 
h.(2).(3).D 

h : Hp . v < p . a ^ p . D . (p/p + g p/<r) £ t^p e Rat def (4) 

Similarly 

h : Hp . p > v . a- ^ p . D. (/a/i> +* p/a-) £ £ooV 6 def ( 5 ) 


h . (1). (4). (5). D h : Hp . a- ^ p. D . (pjp + g p/o*) £ too'/* e Rat def (6) 
Similarly h : Hp. p. ^ <r . D . (pjp + g pj<r) £ t^p e Rat def (7) 

h . (6) . (7) . D h . Prop 

The following propositions are immediate consequences of *306-63. 
#306*64. h : (pjp) £ tup, (p/o*) £ UYp e Rat def. D . (pjv+ s p/cr ) £ t^p e Rat def 
*306-65. h : X, Ye Rat def. D . (X + g Y) £ t^&'G'X e Rat def 
*306-66. h :X,YeC‘E.3.(X+ g Y)t t^C'WX e C‘H 
*306-67. h : X, Y e C‘H '. D . (X + g Y) £ t^C^X e C'H’ 



*307. GENERALIZED RATIOS. 

Summary of *307. 

In this number we introduce negative ratios. If X is a ratio, what would 
ordinarily be called — X is X \ Cnv. This may be seen as follows. Suppose we 

have RXS. We then have R ( X | Cnv) S. Now if R and S are vectors which 
carry us in the same direction, R and S are vectors which carry us in 
opposite directions, i.e. their ratio is negative. Hence calling the class of 
negative ratios “Rat„,” we may put 
*30701. Rat„ = | Cnv“Rat Df 

The sum of “Rat” and "Rat rt ” we will call “Rat ? ,” where “ g" stands 
for " generalized.” Thus we put 
*307‘011. Ratg, = Rat u Rat 7l Df 

If fijv < r p/or, we have {(p/i>) | Cnv} (| Cnv> < r ) {(p/cr) | Cnv}. Hence 
we put 

*307-02. < n = | Cnv>< r Df 
*307021. > w = Cnv'< n Df 

If X and Y are generalized ratios, we consider X Jess than Y if either 
X, F are both positive and X < r Y, or X, Y are both negative and X >„ Y, 
or X is negative and 1 is positive or zero. Hence we put 
*307 03. < g = (> n ) v (< r ) v (Rat n -1‘0,) t Rat Df 

On the analogy of <„ and < g , we put 
*30704 H n = \Cnv‘>H Df 
*30705. h g ~H n $H' Df 

We prove in this number that if X is a ratio, X ] Cnv = Cnv | X, and 
Cnv‘(X | Cnv) = X | Cnv (*307-21-22). We prove also 
*307 25. \-.C‘HnC‘H n = A 

We prove that Q q and oo q are their own negatives, but are not the nega¬ 
tives of anything else (*307'26-27'31). We prove Nr‘# n =Nr‘i/ (*307 41) 
and Infin ax . D . H g e rj (*307‘46). None of the propositions of this number 
offer any difficulty. 
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*30701. Rat n — | Cnv“Rat Df 

*307 011. Ratp = Rat u Rat„ Df 

*307 02. < n — | Cnv>< r Df 

*307021. > n = Cnv‘<„ Df 

*307-03. <0 = (> B )c/« r )c/(Rat n -i‘Os)f Rat Df 
*307031. > ff «Cnv‘< tf Df 

*30704. H n — | Cnvjjff Df 

*30705. H g = H n $H' Df 

*3071. I-: J? (X j Cnv) S. = . RXS [*717] 

*307-11. b:R(\ CnvJX) S. = . RXS [*307‘1] 

*30712. K X | Cnv) Cnv = X [*307*1] 

*307-13. h: X | Cnv - F|Cnv. = . X = F [*30712] 


*30714. b : F= X j Cnv. == . X = F| Cnv [*307-12] 

*30715. h : ft ! X f *. = . ft ! * 1 (X | Cn v) f (Cnv“*) [*307*1] 

*307-16. I-« = Cnv“* .D:a!X^. = .a!(X| Cnv) £ k [*307*15] 

*307*2. b . (fi/v) | Cnv = Cnv | (p/v) [*307*1. *30319] 

*30721. hiXeRatu t‘oo v . 3 . X | Cnv = Cnv j X [*307*2 .*303*7*67] 

*307 22. h : X e Rat v Poo ? . D . Cnv‘(X j Cnv) = X | Cnv [*307 21] 

*307-23. I-. Cw“C‘H n = C‘H n [*304*28. *30313 . *307 22] 

*30724. b : /x, v, p, a e d { U. fi Prm v . p Prm cr.p^o-,cr={=0.D. 

Rl(p/<r)-(filv)\ Cnv 

Bern. 

I-. *303 32 . D b Hp . D : (gP, Q) . P, Q e Rel num . P p0 C . P {p/a) Q : 

[*303-21] Z> : (ftP, Q) . P, Q e Rel num . P p0 C . a ! P- n ^: 

[*3003] D:^P,Q).P.QeRelnum.a!P"nQp.P‘ nQ' t = A: 

[*303-21] D : ( a P, Q) ■ P (p/*) Q-~{P (M Q) 3 P - Prop 

*307 25. b.C‘HnC‘H n = A 
Bern. 

b. *307-24. *303*13. Z) 

: p, v, p, a eCPCT. p Prm v . /a Prm o-. D . pjv 4= (p/o-)} Cnv (1) 

1“ • *302-22 . *303-211 . *304-27*28 . D : X, F e C‘H . D . 

(df 1 ’ v,p,cr) . p,v,p, ere (1*17. p Prm v . p Prm a . X = pjv . F = p/cr (2) 
K (1). (2) . Z> |- : X, F 6 C'ff. D . X + F| Cnv : Z> h . Prop 


20 
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*307‘26. K0 9 |Cnv = 0 9 = Cnv,0 9 
Rem. 

K *307-2. D h . 0 9 j Cnv = Cnv J 0 9 (1) 

V . *303-615 . *3071. D b : R (0 9 | Cnv) 8 . = . g ! R * 1 \ C'S . 

[*33-22] =.RlR*ItC‘S. 

[*30315] =. R0 q S (2) 


h 

. (1). (2). D f-. Prop 


*307 27. 

h ■ oo 9 j Cnv = oo g = Cnv | oo 9 

[*307-26. *303-62] 

*3073. 

h : X e C‘H . D . g ! (Z \ Cnv) £ Rel num [*304 5 . *307 16 . *300-4] 

*307-31. 

h:Ze Rat — l‘0 9 . D . X j Cnv 4= 0 9 . X | Cnv =(= <# 9 
[*307-3 . *304-53 . *303*62] 

*3074. 

h : XH n Y. s . (X | Cnv) H(Y | Cnv) 

[*150-41. (*307-04)] 

*307-41. 

h.Nr‘^ n = Nr^ 

[*307* 13. (*307-04)] 

*30742. 

H : Infin ax . 3 . Nr'#„ = Nr‘H n = y 

[*307-41. *304-33] 

*30743. 

l-:ZeO‘jr B .>.a!ZtReI num 

[*307-3] 

*30744. 

h . 0 9 , oo 9 ~ e C*H n 

[*307-31] 

*30745. 

H.Nr‘tf ? = Nr‘i/ + i+Nr‘ff 

[*307-25-41 . (*307-05)] 

*30746. 

h : Infin ax . 3 , H g e y 

[*307-45 . *304-33] 

This proposition requires y + l+y =y, which 

i is easily proved. 



*308. ADDITION OF GENERALIZED RATIOS. 

Summary of *308. 

In this number we have to extend addition so as to include negative 
ratios as addenda, and for this purpose we have to define subtraction of 
simple ratios. This is defined as follows: 

*308 01. X~,Y = RS [faZ ): X, Y, Z e Rat: Z + g F= X . RZS . v . 

Z+ g X=Y.RZS\ Df 

That is to say, if F < r A, X — g F is the ratio which must be added to F to 
give X, while if X < r Y,X — g F is the negative of the ratio which must be 
added to X to give F. Thus we have 

*30813. b F < r X . v. Fe Rat. F= X : D . X - g Y= (iZ)(Z +, F= A) 
*30814 b A< r F.v.Ae Rat. F = IO. A- g F= {(iZ)(Z + S X = F)][Cnv 

We have, of course, X— g 0 q = X (*308‘22), 0 ? — g A = AjCuv (*30823), 
and X— s X = 0 q (*30812). Existence-theorems for A— g F are closely 
analogous to those for A + g F and X x g F. Also we have 
*308-2. b : X, Fe Rat. = . X - g Fe Rat, 

We define the sum of two generalized ratios by means of the sums and 
differences of simple ratios, as follows : 

*308 02. X + g Y —(X + g Y)v (X — t F| Cnv) u 

(F—* A | Cnv) u (X | Cnv + g F| Cnv) j Gnv Df 

Of the four relations which occur in the above definition, all but one 
must be null if neither X nor F is 0 q . Thus if X and F are positive, 
X- g Y jCnv, Y- t X\ Cnv, and A|Onv+ g FjCnv are null; if X is positive 
and F negative, X + g F, F- g X j Cnv, and X | Cnv + g F | Cnv are null; if X 
and F are both negative, A + g F, X — g F| Cnv, and F— g A Cnv are null. 

If A is 0 q and F is positive, 

A + g F= F- g A | Cnv . A F| Cnv = (A | Cnv + g F| Cnv) | Cnv = A. 

If both A and F are 0 9 , all four relations are 0 q . 
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Hence we find 

*308-32. b : X, Ye Rat. D . X + g Y-- X+,Y 
*308 321. b : X e Rat. Ye Kat» . D . X + 9 Y « X - F| Cnv 
*308322. b: Ye Rat. X e Rat n . D . X + g Y= F-*X|Cnv 
*308 323. b : X, F e Rat„. D . X + g F= (X | Cnv + g F | Cnv) | Cnv 

The existence-theorems for X + g Y are closely analogous to those for 
X Y, and the formal laws offer no difficulty. We have 
*308-52. b:.X, Y e Rat, .D:X+, F=X+,X. = .F=X 
*30854. h :X, F e Rat, . D . (gZ). Z e Rat, . X +, Z = Y 
*308-56. I -:.X< g Y. = :Xe Rat,: (gZ) .Ze Rat - i‘0, . X 4 , Z= F 
*308-72. h : (X 4-, Z) < g (X + , Z') . = . X e Rat, . Z < g Z' 

*30801. X— S Y= RS {(gZ) : X, Y, Z e Rat: Z + t F = X . RZS . v . 

Z+ s X=Y.RZS] Hf 

*308 02. X +, Y = (X + g F) u (X F | Cn v) u 

(F-, X i Cnv) c; (X | Cnv 4, F j Cnv) | Cnv Df 

*3081. I - :Y< r X .D.X~ s Y=RS {(gZ). Z e Rat .Z+ g Y=X. RZS ] 

Bern. 

b . *306*55 .Dh: Hp. Z) . ~(gZ). Z+ g X = F (1) 

b. (1). (*308 01). 3 b. Prop 

*30811. b : X < r F. :>. X -* F=M{(gZ). ZeRat. Z+ g X= Y.RZS } 
Dem. 

b . *306-55 . D b : Hp. D . ~ (gZ) . Z 4* F= X (1) 

(-.(1). (*308-01). Db. Prop 

*30812. hit Rat .X = F.D.X-,F=0, [*306‘54-24] 

*30813. I- F < r X . v . FeRat. F= X : D . X F= (?Z)(Z+, F= X) 
Dem. 

h . *306 52-24 . D h : Hp . D . (gZ). Z+ g F= X . Ze Rat (1) 

I- . *306-54 . Z> b : Hp . Z+ s Y= X . Z' + s Y= X . D . Z = Z' (2) 
b. (1). (2). *308-lT2. Db. Prop 

*30814. b :.X< r F.v.X eRat.X= F:D.X— 3 F= \(iZ)(Z + g X — F)] | Cnv 
[Proof as in *308-13] 

*30815. b : ~ (X, F e Rat). D . X — g F = A [(*308-01)] 

*30816. b : X, FeRat. F +, Z = X. D . X F=Z 
Dem. 

b . *306-55 . *304-221.D b Hp . D : F < r X . v . F 6 Rat. F = X (1) 
b . (1). *30813 . D b . Prop 
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#30817. h : X,Fe Rat.Xl **Z — Y. 3 . X — g F= Z\ Cnv [#306"55.#308-14] 
#30818. h : F < r X . 3 . X — g F € Rat-i‘0g 
Dem. 

h . #306-52 . 3 I-: Hp . 3 . faZ) .Ze Rat -P0 9 . Y+ g Z = X (l) 
b . (1). #308-13.31-. Prop 

#30819. I- : X < r Y. 3 . X Ye Rat* - i% 

Dem. 

1-. #306-52.3 h : Hp. 3 . faZ) .Ze Rat - i‘0 9 .X+ t Z=Y (1) 
h. (1). #308-14. 3 b. Prop 

#308-2. b :X, FeRat.= . X- s FeRat p [#308-12 18-19-15] 


#308-21. h!-,7=( F- X) j Cnv = Cnv | (F-, X) 

Dem. 

b. #3081314.3 

h:.X< r Y.v.XeRnt-L‘0 q .X= Y: 3 . X- t F=(F-,X) | Cnv (1) 

h. #308-13-14. #307-12.3 

b:. F< r X.v. FeRat-i'0,. F = X : 3 . X-, F=(F-,X) | Cnv (2) 

b . (1) . (2) . #304-221.3 b r X, Ye Rat. 3 . X F= ( Y- s X) | Cnv (3) 

[#307-21.#308-2] =Cnv[(F-,X) (4) 

b. (3). (4). #30815. 3 b, Prop 


#308-22. b: X e Rat. 3 . X —, 0 g = X [#306'24. #30813] 

#308-23. b : X e Rat. 3.0 9 X = X {Cnv [#308-21-22] 

#308-24. I-: (v/p) < r (X/p) .D.Xfp - s vfp = {(\ x 0 p) - 0 (p x c v)}/(p x c p) 

Dem. 

b. #3041.3b: Hp. 3 . X x„ p > & x 0 v (1) 

h. #303-23. #306-13.(1). 3 

1-: Hp . 3 . {(X x 0 p) - (p x 0 v))j(p x 0 p) +, v/p = 

[{(\ x 0 p) - (p x 0 v)} + 0 (/i Xo v)]f(p x o p) 
[#303-23.#119‘34] = X/p (2) 

b.(l). (2). #30816.3 b. Prop 

*308-241. I-: (X/p) < r (vlp). 3 . X/p - s v/p = [{(p x„ *) - 0 (\ x 0 p)}/(p x oP )]| Cnv 
[#308-24-21] 

*30825. b : X, p, v, p € D* U n CP U . vjp '■'Ir X/p . 3 • (X/p —, vjp ) £ € 

Dem. 

I-. #305-24.3 

1-: Hp . 3 . f(X, x 0 p) — 0 (p x 0 v)} n t‘p, (p x 0 p) n t‘p e D‘ U n <1‘U v*) 

b . (1) . #308 24 . #304-28.3 b . Prop 
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*308 251. b : p, v, p e D‘ U n CP U. \fp <C r vfp . D ■ (Xfp —* vjp) C ^ooV- e G { H n 
[*305-24. *308*24-1 ] 

*308 252. b : A, p, v t p e D‘ U nd‘U . D . (Xfp vfp) £ t w f p e G l H g 
[*308 25-251-12] 

*308-26. h : X, Ye Rat. X l t u ‘p, Y £ t u ‘p e C*H'. 3. (X Y) t t M ‘p e (?H 9 
[*308-25 2. *304-28] 

*308-261. b : X, YeC‘H '. D . (X - t Y) £ CC“C‘X e C‘H g [*308 26] 

*3083. b : g ! (X Y\ Cnv) .D.Xe Rat. Y e Rat n 
[*308-15 .*307-12] 

*308-301. b : 3 ! (X | Cnv +, FI Cnv). D . X, Ye Rat n [*306 12 . *307-23'12] 
*308-31. b : a ! (X +, Y ). D . X, F e Rat, [*306*12 . *308-3-301 . (*308'02)] 

*308 32. b : X, Ye Rat. D . X +, F= X +„ F 
Dem. 

b . *308-3-301. *307-25 . (*308 02). D 

b : X, F e Rat - CO,. D . X +, F=X+„F (1) 

b . *306-24 . *308-22-3-301 . D 

b : A r e Rat - i ‘0,. F= 0, . D . X +, F= X = X +, F ( 2 ) 

b . *306-24 . *308-3-301. D b : X = 0,. F= 0 ,. D . X 4 , F= 0, = X 4* F (3) 
b.(2).(3).D 

b X e Rat. F= 0 9 . v . Ye Rat . X = 0,: D . X +, F= X +, F (4) 

b . ( 1 ). (4). D b . Prop 

*308-321. b : X e Rat. Ye Rat n . 3 . X 4, F= X F| Cnv 
[*306-12 . *308-3-301 . *307 25 . (*308-02)] 

*308-322. b : Ye Rat. X e Rat n . D . X +, F = F-, X | Cnv 
[*306-12 . *308-3 301 . *307-25 . (*308 02)] 

*308 323. b : X, Ye Rat n . D . X +* F= (X j Cnv F| Cnv) | Cnv 
[*306-12 . *308-3-301 . *307-25 . (*308 02)] 

*308-33. b : X +,, Ye Rat,. = . X, Ye Rat, 

[*306-22. *308-2-32-31] 

*308-4. b . X +, F= F+, X [*306 11 . (*308-02)] 

*308-41. b . X +, F= (X | Cnv +, Y\ Cnv) j Cnv 
Dem. 

b . *307 12 . *34-26 . (*308‘02). D 

b . (X ; Cnv +, Fj Cnv) j Cnv = (X | Cnv 4, F| Cnv) j Cnv w (X | Cnv - F) | Cnv 
w(F|Cnv-,X)jCnvw(X +, F) 

= (X | Cnv D F | Cnv) | Cnv d(F-*X Cnv) 
w (X —„ F | Cnv) a (X -f, F) 

= X +, Y. D b . Prop 


[*308-21] 

[(*308-02)] 
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*308-411. I-. (Z + g Y) | Cnv = X | Cnv +* F| Cnv [*308-41 . *307-12] 

*308-412. \-:X \Cnv F|Cnv = Z \Cnv . = . X + g Y= Z 
[*308-411 .*307-13] 

*308-42. b : X, FeRat. D . (XY)+ g F=Z 
Dem. 

h.*30812-32.*306-24. D h : Hp.Z = F. D . (Z-* Y)+ g Y=X (1) 

h.*308-18-32. Dh:Hp. F< r Z. Z>. (Z-* Y)+ g F=(I- I F)+,F 
[*308-13] = Z (2) 

I-. *308-19-322 . Z> b : Hp . X < r Y. D . (X - F) + g F= F- (Z- g F) j Cnv 
[*308-21] = F-,(F- f Z) (3) 

H . *30813 . D h : Hp (3). D . X +,(F- g X) = Y . 

[*3081618] D.Z= F- g (F- g Z) (4) 

h. (3). (4). D(-:Hp.Z< 3 .F.D.(Z- s F)+ J ;F=Z (5) 

I-. (1). (2) . (5). *304-221 . D h . Prop 

*308-43. I-: Z, Ye Rat. D . (Z +, F) - g F = Z 
Dem. 

I-. *308-32.3 I-: Hp. D . Z + g Y= X+, Y . 

[*308-l6.*306-22] D . (Z +, Y) Y= X: D b . Prop 

*308-44. h:.Z,FeRat.D:Z- g F=F-,F.= .Z=F 
Dem. 

h. *308-13-14 15. Dh:Z=F. 3. Z-Z= Y- S Z (1) 

h - *308 2 . D h : Hp . X — S Z= F- g F. Z>. Ye Rat. 

[*308-42] D.(Y~ S Z)+,Z= Y. 

[Hp] D.(X- s Z)+ t Z=Y. 

[*308-42] D. Z = F (2) 

K(l).(2 ).Dh.Prop 

*308 45. b X, Ze Rat. Z>: Z- s X = Z- s Y. = . X= Y 
[*308-44-21 . *307 13] 

*308-46. b : X, Ye Rat. F=j= 0 ? . D . (Z —, F) < g Z 
Dem. 

b . *308 19 . D b : Z < r F. D . (Z- t F) e Rat n - i‘0, . Z e Rat. 

[(*307-03)] D . (Z F) Z (1) 

b . *308 12 . D h : Hp. Z = F. D . Z - F= 0 S . 

[*304 46.(*30703)] D. (Z - g F) Z (2) 

1“. *30813 18 . D h : Hp . F< r Z . D . (Z F)+ g F= Z. ZFe Rat-1‘0 9 . 
[*306-52] D . (Z —, F) < r Z . 

[(*307 03)] :.(I-,F)<,Z (3) 

l~. (l) . (2) . (3). D h . Prop 
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*308-47. h:XeRat. F, £e Rat -1‘0 ? . 3 . X Y$X+,Z 
Dem. 

h . *306-52. *308-46 . 3 h : Hp. 3 . (X F) < r (X +„ Z) . 
[*304-201] 3 . X - g F+ X + S Z : 3 h . Prop 

*30851. b:.XeRat ? .3:X+*F=X. = . Y=0 g 
Dem. 


K *308-33. 3(-:.Hp.3:X+ ? F=X.3. FeRat^ (1) 

(-.*30832. 3 f-: X e Rat. F= 0 9 .3 . X + ? F = X +« F 

[*306-24] = X (2) 

I-. *308-322 . 3 (- : X eRat„. F=0 g . 3 . X + g F= F-,X j Cnv 

[*308 23.*30712] =X (3) 

h . (2). (3). 3l-:.Hp.3: F=0 9 .3.X+,F=X (4) 

i-. *308-32. 3 h : X, Fe Rat. X + g F= X . 3 . X +, F= X. 

[*306-24-54] 3. F= 0 g (5) 

I-. *308-321 . 3 h : X e Rat. Fe Ratn. X + g Y =* X. 3 . X F| Cnv = X . 
[*308-22-45] 3. F|Cnv = 0 g . 

[*307-2] 3.F=0 g (6) 

(- . *308-322 .DhXe Rat n .FeRat.X+ g F=X.3.F-,X|Cnv = X 
[*308-23.*307 l2] = 0, X | Cnv . 

[*308-44] 3.F=0 g (7) 

I-.*308-323.*30714. D 

f-: X, F e Rat n . X + ? F = X. 3. X | Cnv + g F j Cn v = X j Cnv . 

[(5).*307-26] 3.F=0 g (8) 

K(l).(5).(6).(7).(8).Dh:.Hp.D:X+,F=X.D.F=0 ? (9) 

h . (4) . (9) . 3 (-. Prop 

*308-52. I-:. X, FeRat g . 3 : X + p F= X + g Z. = . F= Z 
Dem. 

h . *308 321-47 . 3 b : X, Fe Rat. F4= 0 g . X + g Y= X+ g Z . 3 . e Rat n (1) 

I-. *308-51. Dh:Xe Rat g . Y=0 q . X + g Y=X + g Z ,D . Z =0 q (2) 

H . (1) . (2) . *308-33 . 3 (- : X, Fe Rat. X + g Y=X+ g Z.D.Ze Rat (3) 

I-. (3). *308-32 . 31- :X,FeRat . X+ g Y=X+ g Z .5 . X+ t Y= X+ S Z. 
[*306-54] l.Y=Z (4) 

h. (4). *308-323. *307-13.3 I-: X, Fe Rat*. X+ g Y=X+ g Z.D. Y=Z (5) 
(-.*308-321-32-47.3 

h : X e Rat. F e Rat„ .X+ g Y=X+ g Z.2.Z<^>e Rat - i‘0 g (6) 

I"' (^> " Transp . 3 

hXe Rat. F e Bat n - i‘0 g . X + g F=X+ f? X. 3 . Z^0 q 


(7) 
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K (6). (7). *308*33. Z> 

Rat . Y e Rat„ - i‘0 g .X+ g Y=X+ g Z.O.Ze Rat n (8) 

h . (8). *308 321. D I-: Hp(8). D. X Y\ Cnv = X Z\ Cnv . 

[*308 45.*307*13] D.Y=Z (9) 

h.(9). *308-411 . *307*13 . D 

FileRat„ . Y e Rat ,X+ g Y=X + g Z.D.Y=Z (10) 

|-. (4). (5). (9). (10). D I-: Hp ,X+ g Y=X+ g Z.D.Y=Z (11) 

K(11).(*308-02). 3b. Prop 

*308*53. ' h : X, F* Rat g .3.X + g {Y+ g X\ Cnv) - Y 
Dem . 


h . *308-321 . *307*12 . D h : X, Ye Rat. D . X +/F+^Z|Cnv) =X+ g (Y- s X\ 
[*308-4-42] = F t . y 

h. *308-32 . D 

h : Z e Rat n . Ye Rat . 2 . X + g (Y + g X \ Cnv) = X ( F +, X j Cnv) 
[*308-4-321 .*306 22 ] = (F+, X | Cnv) X | Cnv 

[*308*43*32] = Y ( 2 ) 

h. *308323. *30712. Z> 

h : X e Rat. Ye Rat n . 3 . X + g (Y+ g X\ Cnv) = X+ ; 7 (F| Cnv +,X)| Cnv 
[*308-321.*306-22] = X (Y\ Cnv + g X) 

[*308* 17. *307-12] =F (3) 

h.(l).Dh:X, F eRat n . D .X | Cnv (F| Cnv + g X \ Cnv | Cnv) = F| Cnv . 
[*308-411] 3 . Xj Cnv + g (Y + g X \ Cnv) | Cnv = Fj Cnv. 

[*308-412] D . X + ? (F X | Cnv) = F (4) 

K(l).(2).(3).(4).DKProp 

*308-54. h:X,Ye Rat p . D . ( a Z) . Z e Rat p . X + g Z= Y [*308-53*33] 
*308-55. b:.X, F,ZeRat p .D:X+ 1 ,Z=F. = .X=F+, 7 Z|Cnv 
Dem . 

h.*308-53*52-4.Dh:Hp.X+^=F.D. F+ ? Z|Cnv = X (1) 

I- .*308-53-4 . D b : Hp . Y+ g Z\ Cnv-X. D . X + g Z= Y ( 2 ) 

b . (1),(2). D b. Prop 

*308-56. h:.X<jF. = :Xe Rat^: ( 3 Z) .Ze Rat - i‘0 q .X+ g Z=Y 
Dem. 

*■ • *306-52 . *308*32 . D 

X < r F. = : X e Rat: (gZ) . Z e Rat — l‘0 q . X + g Z = F: (1) 

[*306-52-25] D : Ye Rat: (gZ) . Ze Rat- i‘ 0 , . X + g Z- Y (2) 

h.( 2 ) ^||Cnv 0 

b :. X > n F. D : X € Rat„ : (gZ) . ZeRat- l %. Y \Cnv + g Z = X | Cnv : 
[*308-55-412] D : X eRat„ : (gZ) .ZeRat — t‘0 g . X + g Z= Y (,3) 


R. *w in. 



306 


QUANTITY 


[PART VI 


(-. *308-32-53 . *306-23 . D h : X e Rat n . Ye Rat. D . 

F+,X | Cnv € Rat -CO, . X +,(F+, X j Cnv)= Y (4) 
h. (1). (2). (3). (4). (*307-03). D 

h X <, Y. D : X e Rat, : (gZ). Ze Rat - CO, . X+, Z= F (5) 

I- . *35-103 . (*307-03) . D h : X e Rat n - CO, . Ye Rat. D . X < g Y (6) 

I-. *308-55-412 . D 

I-: X, Y e Rat„ .Ze Rat - CO, . X +,Z= F. D . X | Cnv = Y\ Cnv + g Z. 
[*306-52J D. X > n Y (7) 


K (6). (7). D I-:. X eRat n :(gZ).Ze Rat-CO,. X+,Z=FO.X<,F (8) 
h . (1). (8). D h X e Rat, : (gZ). Ze Rat - CO,. X +, Z = F: D . X <, F (9) 
I-. (5). (9). D h . Prop 

*308 561. h :. X <, F. = : Ye Rat,: (gZ) . Ze Rat - CO,. X +, Z= F 
[*308-56-33] 

*308 57. I-: X <, F. = . X e Rat,. F +, X j Cnv e Rat - i‘0 q . 

= . Ye Rat, . F +, X | Cnv e Rat — CO, 

Dem. 

h.*308-55-56-4.D 

(-X <, F. = : X e Rat, : (gZ) . Ze Rat - CO, . Z= F+, X.| Cnv (1) 
h . *308-55*561-4 . D 

I-X <, F. = : Fe Rat, : (gZ) . Ze Rat — CO, . Z= F +, X j Cnv (2) 
(-. (1). (2). D h . Prop 

*3086. I-: X, F, Ze Rat. D . (X +, F) +,Z= X +, (F+,Z) 

[*308-32. *30622-31] 

*308-601. h : X, Y, Z e Rat n . D . (X +, F) +, Z= X +, (F+, Z) 

Dem. 

h .*308-323 .*307-12 

h : Hp . D . (X -f, F) +, Z= (X j Cnv +, F| Cnv) j Cnv +, (Z| Cnv) | Cnv 
[*308-411] = {(X | Cnv +, Y\ Cnv) +, Z\ Cnv} j Cnv 

[*308-6.*306'22] = {X | Cnv +,( Y\ Cnv +, Z| Cnv)} j Cnv 

[*308-411] = X+,(F|Cnv+,Z| Cnv) | Cnv 

[*308-323] = X +, (F +, Z): D h . Prop 

*308 602. h : X, p., v, p, a, t e NC ind . p., p, r ~ e CO . D . 

(Xjfx + 8 v/p) s cr/r = (X/p. -* «t/t) +, v/p 

Dem. 

I-. *308-24 . D h : Hp . o-/t < r V/* ■ ^ ■ 

(X/^ +, v/p) <rj t = {(X x c p x c t) 4 0 (p x c v x c t) - 0 (p, x c p x 0 <r)}/(p x c p x c t) . 
(X/p- g o-/ T )+ 4 v/p = {(X x c p x 0 t) — c (p x c p x c o-) + c (p x c v x 0 r)}/(p x 0 p x c t) (1) 
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h . *308241 . D h : Hp . X/p +* vjp <C r a-jr . D . (X/p +, vjp ) — „ a-jr 

■■= [((/» x 0 P X C<*)~ O x c P x c r) - (p X c F X 0 r)}/(p x c p x c t)] | Cnv . 
(\/p <t/t) + ? vjp = [{(/* X 0 r) (X X c cr)}/0 x c t)] | Cnv + g vjp 

[*308-322-21] 

= [{(A* x c P x 0 a) - (X x c p x c r) - (p x c * x 0 t)}/(p x c p x c r)] | Cnv (2) 
h . *308 24 241 . D h : Hp . X/p «< r a-jr . a-jr <L r Xj/.i 4- a vjp . D . 

(X/p +, vjp) o-/t = {(X x c p x c r) + c (p x c i/ x c t) - c (p x c p x c o-)}/(p x c p x 0 T ) 
(X/p - a ajr) + g vjp = [{(p x c a) - c (X x c r)}/(p x c r)] | Cnv + g vjp 
[*308-322-21] = {(X x c p x c r) + c (p x 0 v x c t) - 0 (p x c p x c <r)]/(p x c p x 0 r) (3) 
h. *308-16-12 . D 

I- : Hp . X/p = «t/t . D . (X/p +, v/p) - s a-jT = vjp = (Xjp - a <rjr)-\- g vJp (4) 

h. *308-12-53-17. D 

H : Hp . Xjp + c vjp = o"/t . D . (X/p +, vjp) -g a-jr = 0^ = (X/p —, tr/r) vjp (5) 

K(l).(2).(3).(4).(5).DI-.Prop 

*308-61. (-: X, F, Z e Hat. D . (X +<, 7) -,Z = ( X Z) +, Y 
[*308-602'32] 

*308-62. I-: X, Y e Rat . Z e Kat n . D . (X + g Y) + g Z = X + g ( Y+ g Z) 

Bern. 

(-. *308-33-321. D I-: Hp. } . (X + g Y) + g Z= (X + g Y) -,Z\ Cnv 
[*308-4] = (Y + g X) ~ 8 Z j Cnv 

[*308-61 ] = (7- t Z\ Cnv) + g X 

[*308-4] =X+ g (Y- s Z jCnv) 

[*308-321] =X+ g (Y+„Z):3 I-. Prop 

*308 621. (-: X, Y e Bat„ . Z e Rat . D . (X + g Y) + g Z = X + g ( Y + g Z) 

Bern. 

*308-62 . D 

I-: Hp . D . (X j Cnv + g Y | Cnv) + g Z \Cnv = X | Cnv + g (Y\ Cnv + g Z\ Cnv) . 
[*308-411] D.(X+ g Y) j Cnv + ff £| Cnv = X j Cnv + g (Y+ g Z) | Cnv 
[*308-411] = {X + g (Y + g Z)} \ Cnv. 

[*308-412] D . (X +, Y) + g Z= X + g (Y+ g Z ): 3 h . Prop 

*308-63. Y.(X+ a Y)+ 9 Z = X+ g (Y+ g Z) 

Bern. 

h, *308-6-601 -62-621. D 

t,X i Y ) ZeKM g .1.(X+ a Y)+ g Z=X+ g (Y+ g Z) (1) 

K *308-31 -33. D 

l-:~(X, F,^ e Kat ff )0.(Z F) + g Z= A . X + g (Y + g Z) = A 

H . (1). (2) . D h . Prop 


( 2 ) 
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*308*71. \-:XcB&t t .Z< g Z.D.(X+ g Z)< a (X+,Z) 

Dem. 

h * *308*57 . D : Hp. D . Z + p Z \Cnv e Rat — i*Q q . 

[*308*56] D > (X +0 Z) <0 {(.X +g Z) + g (Z + g Z j Cnv)} * 

[*308*63*53] D . (X Z) < g (X + g Z ): Z) h . Prop 

*308*72. \-:(X+ g Z)< g (X+gZ').~.Xe Rat^ . Z Z' 

Dem. 

h.*308*33. D\-:(X+ g Z)< g (X+ g Z).D.X,Z,ZeKa.t g (1) 

h . *308*57 . D 

I -:(X+ g Z)< g (X+ g Z).D. {(X +, Z) + g (X+ g Z) j Cnv] <• Rat - i% . 
[*308*411*63*53] D .(Z + g Z\ Cnv) 6 Rat - i% (2) 

h . (1). (2). *308*57 . Z> h : (X+ g Z) < g {X + g Z ). Z) . Z< g Z (3) 

h. (1). (3). *308*71. Dh. Prop 

*308*8. h : X, Ye Rat,. X £ tn% Y£ V « C‘H g . Z>. (X +, Y) f t^fx e C*H g 
[*308*32*321*322*323 . *306*64 . *308*26] 

*308*81. h : X, Ye C*H g . Z). (X + g Y) f t^V'C'X e C*H g [*308*8] 



*309. MULTIPLICATION OP GENERALIZED RATIOS. 

Summary of *309. 

The subject of this number is simpler than that of *308, because it 
requires nothing analogous to the consideration of subtraction. The product 
of two generalized ratios is defined as follows: 

*309-01. X x g F=(X x s Y) vy (X | Cnv x, Y\ Cnv) 

vy (X x a Y | Cnv) | Cnv vy (X | Cnv x g F) j Cnv Df 

As in *308, three of the four products concerned in this definition will 
be null in any given case (unless X — 0 q or Y — 0 q ). Hence 

*30914. \-: X, Ye Rat .D.Ix t F=I x t Y 

*309141. I-: X e Rat. Ye Rat„. Z> . X x g F= (X x, Y\ Cnv) | Cnv 
*309142. h : Ye Rat. X e Rat n . D . X x g F = (X j Cnv x, Y) | Cnv 
*309143. b :X, Ye Rat n . D . X x„ F= X |Cnv x g Y | Cnv 

The propositions of this number are merely generalizations of those of 
*305. The proofs of the formal laws are straightforward, but the proof of the 
distributive law (*309-37) is long, because of the multiplicity of different 
cases. 


*309-01. X x g F=(X x, Y) vy (X | Cnv x, Y\ Cnv) 

vy (X x, Fj Cnv) | Cnv vy (X | Cnv x, Y) | Cnv Df 

*3091. I-. X x g F = (X x s Y) vy (X | Cnv x, Y\ Cnv) 

vy (X x s Y | Cnv) | Cnv vy (X j Cnv x g Y) | Cnv [(*309-01)] 

*309101. h : X e Rat - 1%. D . X | Cnv x, F= A [*305 2 . *307 25] 
*309102. h:XeRat n -t‘0 5 .:>.Xx, F=»A [*3052 . *307-25] 

*30911. h : a ! X x„ F. D . X, Ye Rat, [*305‘2 . *309*1] 

*30912. KX x g Y= YxgX [*305-11.*309 1] 

*309121. KX x, F=X|Cnv x g Y\ Cnv 

= (X x, Fj Cnv) | Cnv = (X | Cnv x, F) | Cnv [*3091 . *30712] 
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*309122. b .X x g Y \Cnv = X j Cnv x g Y=(X x, Y) | Cnv 
[*309121 .*30712] 

*30913. b :X t Ye Rat — i‘0 q . 3. X x, F= X x, F [*3091101 12] 
*309131. b X =* 0 9 . Ye Rat - i l 0 q . v . F= 0 q . X e Rat - i‘0 g : 3 . 

Xx,F=Xx, Y=0 q 

Der,i. 

h. *309101 . 3 

h : X = 0 ? . Y e Rat - 1<0 q . 3 . X x g F= (X x, Y) iy (X j Cnv x g Y) j Cnv . 
[*307-26.*305-22] 3 . X x, F= X x* F = 0 5 (1) 

h. (1). *30912 . 3 h : F = 0 q . X e Rat- 1 %. 3 . X x g Y= X x, F = 0 q (2) 
h . (1). (2). 3 h . Prop 

*309133. h : X = 0 q . Y = 0 q . D. X x g Y= X x, Y= 0 q 
[*3091. *307-26. *305-22] 

*30914. b:X,Ye Rat. 3 . X x g Y= X x,Y [*30913131 133] 

*309141. h:l€ Rat. Ye Rat n . 3 . X x g F = (X x, Y\ Cnv) | Cnv 
[*309-121-14] 

*309-142. I-: Ye Rat. X e Rat n . 3 . X x g Y= (X | Cnv x, Y) \ Cnv 
[*30914112] 

*309143. b :X,Ye Rat n . 3 . X x g Y= X \ Cnv x, Y \Cnv [*30914121] 


*30915. h : X, Ye Rat, . = . X x g Ye Rat, 

Dm. 

h. *3053. *30914143.3 

b X, Ye Rat. v . X, Ye Rat n : 3 . X x g Ye Rat (1) 

b . *305-3 . *309-141142.3 

b X e Rat. Fe Rat„. v . X e Rat„ . F e Rat: 3 * X x g Ye Rat n (2) 

h . (1) . (2) . 3 h : X, Ye Rat, . 3 . X x, Ye Rat, (3) 

(-. *303-72 . (*307-01-011) . 3 b : X x. Ye Rat, . 3 . a ! X x, F (4) 

h . (4). *309-11. 3 h : X x. Ye Rat,. 3 . X, Ye Rat, (5) 

h . (3). (5). 3 h . Prop 

*30916. b .(X x g Y) x g Z= X x g (Yx g Z) [*305-41. *3091] 


*30917. I-: X, F ~ e i'0 q v i‘qo 9 .3 . X x, F= Cnv‘(X x, F) 

Dm. 

I-. *309-1.3 h . X x, F = (X x, F) iy (X | Cnv x, F j Cnv) 

a (X x a F| Cnv) | Cnv iy (X | Cnv x g F) | Cnv (1) 
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I-. *305-12 . Z> h : Hp . D . X x, F= Cnv‘(X x, F) (2) 

I-. *307-22. D h : X e Rat. D . X \ Cnv = Cnv‘(X | Cnv) (3) 

h . (3) . Z> I-: Ze Eat. X = Z ] Cnv . D . X | Cnv = (Z\ Cnv) ] Cnv 
[*307-12] =Z 

[*307-14] = Cnv‘(XjCnv) (4) 

H . (3) . (4) . D h : X e Rat, . D . X | Cnv = Cnv‘(X j Cnv) (5) 

I-. (2). (5). Z> h : Hp . X, F e Rat, . D . 

X j Cnv x, F| Cnv =Cnv‘(X] Cnv x^FjCnv). 

X x, F] Cnv = Cnv‘(X x, F| Cnv). 

X | Cnv x, F= Cnv‘(X | Cnv x, F) (6) 

h. (1). (2). (6). *309-1 . D I-: Hp. X, Ye Rat,. D. X x, F= Cnv‘(X x, F) (7) 

h . *30313-7 . Dh:X, FeRat,-t‘0 g . = . X, FeRat g -t‘0 g (8) 

h. (8). *30911 .D 

h : ~ (X, Ye Rat, v Coo g ) . D . X x, F = A. Cnv‘(X x,F) = A (9) 


K (7). (9)01-. Prop 

*309-21. h:.X, F € Rat,: X = 0 g . v . F= 0 g : = . X x, F = 0 g 
Dem . 

h . *309-14-141. *305-22 . *307'26 . D H : X e Rat,. F*0 r ).Ix ( F=0, (1) 
h . *309-15. } h : X x, Y= 0 g . D . X, Fe Rat, (2) 

h . (2). *30914141142143. *307'26 . Z> 

H X x, F= 0 g . D : X x, F = 0,. v . X | Cnv x,F|Cnv = O g . 

v . X x g F[ Cnv = 0 g . v . X | Cnv x, F= 0 g : 

[*305-22.*307-26] D : X = 0 g . v . F = 0 g (3) 

I - . (1). (2). (3). D h . Prop 

*309-22. I-: X, F e Rat, - t‘0 g ,sJx,F« Rat, - i‘0 g [*30921 . Transp] 

*309-23. h : X eRat, — t‘0 g . D . X x, X = 1/1 
Dem. 

K *30913. Dh:Xe Rat - t‘0 g . D . X x, X = X x, X 

[*305-52] =1/1 ^ (1) 

^ . *309121. *307 22 . D h : FeRat - i%. X = Y\ Cnv . D . X x, X = F x, F 
[(1)] = 1/1 (2) 
K (1). (2). D I-. Prop 
*309-24. I-: X e Rat,. Z). X x, 1/1 = X 
Dem. 

h. *309-14. Dh:Xe Rat. D . X x, 1/1 = X x*l/l 

[*305-51] = X (1) 

h . (1) . *309-142 . D h : X e Rat n .D.Xx,l/U(X| Cnv) | Cnv 
[*30712] = X (2) 

(-. (1) . (2). D h . Prop 
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*309*25. bi.X,AeK,B,\, g .A$O q .^\Xx g A = A‘ . = .X = A' x g A 
Dem. 

h . *309*23*2416 . Z> b : Hp . D . X = X x g A x g A (1) 

l-.(l). Dh:Hp .Xx g A = A'.D.X = A' x g A (2) 

b . (1) . *309*15 . D b : Hp. } . A' = A’ x, A x, A (3) 

M3). DY:Hp.X = A'x g A.D.Xx ff A = A' (4) 

!-. (2). (4). D h . Prop 

*309*251. h :.X,A'e Rat ,. A ^0 q . 2 : X x g A = A'. = . X = A' x g A 
[*309*25*15] 

*309*26. h :X,Ye Rat,. X =}= 0,. D . (gZ). Ze Rat,. X x g Z= Y 
Dem, 

h . *309*25. } I-: Hp. Z= Y x, X . D . Z x, X = Y (1) 

(-. (1). *309*15*12 . D I-. Prop 

*309*31 h : X, F e Rat. Z e Rat, .D . (X + g Y) x g Z = (X x g Z)+ g (Y x g Z) 
Dem. 

h. *308*32. *309*14.3 

h : Hp. Z e Rat .D .(X + g 7) x g Z=(X + g F) x s Z . 

X x,Z= X x s Z. Y x g Z- Yx t Z. 

[*306*41] D . (X +, F) x, Z= (X x, Z) +, (F x, Z) (1) 

I-. *309*122. D 

h:Hp. W e Rat. X = IF [ Cnv . D . (X +, F) x, X= {(X +, Y)x g W\\ Cnv 
[(1)] ={(Xx g W)+ g (Yx g W)} |Cnv 

[*308*411 .*309*122] =(X x, Z) + g (Yx g Z) (2) 

Ml). (2). D h . Prop 

*309*311. I -:X,Ye Rat w . Z e Rat,. D . (X +, F) x, Z = (X x, Z) +, (F x, Z) 
Dem. 

h. *308*41 .*309*122. D 

h : Hp . D . (X +, F) x,X = {(X | Cnv +, F| Cnv) x,X} | Cnv 
[*309*31] = {(X| Cnv x g Z)+ g (Y |Cnv x,X)} (Cnv 

[*309*122.*308*41 ] = (X x, Z) +,(F x, Z) O h . Prop 

*309*32. b : (vjp ) < r ( V/ 4 ) • °'/ T € ^ ■ 

(V/ 4 -* v /p ) X <? °‘/ T = {(( x x o />) -o (a 4 x 0 «>)) x c Ma 4 x o p x c t) 

Dem. 

h . *308*24. D I-: Hp . D . \/ytt v/p = ((\ x 0 p) - 0 (p, x c i/)) /p x e p (1) 
Ml). *30914. *305*142 . D b . Prop 



SECTION A] MULTIPLICATION OF GENERALIZED RATIOS 313 

*309 33. h : Xjp, vjp, ajr e Rat. 3 . 

(Xjp v !p) x o W t ) = ( X Ip x 9 tr / T ) “«( V /P x g v/t) 

Derri. 

h . *30914 . 3 V : Hp . 3 . Xjp x g ajr — Xjp x, ajr . vjp x g ajr — vjp x t ajr . 
[*305142] 3 . Xjp x g a-jr = (X x c a)j(p x c t) . vjp x g ajr = (v x c a)j(p x c r) (1) 
h.(1).*30824. D 

h : Hp . (v/p) < r (\j/i) . 3 . (Xjp X g a-jr) (vjp X g ct/t) = 

{(X x 0 a) X c (p X 0 r) - c (p X 0 t) x c (v x 0 a)\j(p x c p x 0 r 2 ) 
[#303-38] = ((\ x 0 a x 0 p) (p x c v x 0 a)\j(p x 0 p x c r) 

[*309'32] =* (Xjp - s vjp) x g a/r (2) 

h.(2)Oh:Hp.(X/^)< r (,/p).D. 

(vjp Xg a-jr) - (Xjp Xg ajr) = (v/p \fp) x g ajr. 

[*308-21.*309*122] D.(Xjp x g ajr)- B (vjp x g ajr) = (Xj p — B vjp) x g a(r (3) 
h. *308 12. *30921.3 
h : Hp . Xjp = vjp.H . ('Xjp - t vjp) x g ajr - 0 q . 

(Xjp Xg ajr) (vjp Xg ajr) = 0, (4) 

h . (2). (3). (4). 3 h . Prop 

*309-34. h : X, Y, Z e Rat. 3 . (X Y) x g Z = (X x g Z) ~ B (Y x g Z) 

[*309-33] 

*309-35. I-: X,Ze Rat. Ye Rat n . 3 . (X + g Y) x g Z= (X x g Z)+ g (Y x g Z) 
Dem. 

Y . *308-321.3 h : Hp . 3 . X + g F= X Y | Cnv . 

(X x g Z)+g(Yx g Z)= (X x g Z)- B (Y j Cnv x, Z) (1) 
K(l). *309-34.31-. Prop 

*309-36. t: X,Ze Rat„. Ye Rat. 3. (X+ g Y)x g Z = (X x g Z)+ g (Yx g Z) 
Dem. 

K *308-41. *309121.3 

y-1 Hp . 3 . X + ff F= (X | Cnv + ff Y\ Cnv) | Cnv . X x g Z= X | Cnv x ff Z j Cnv . 

Y x g Z— Y \Cnv XgZ I Cnv. 

[*309-122] 3 . (X+ g Y) x g Z = (X | Cnv + g Y | Cnv) x ff Z \Cnv . 

(Xx g Z)+g(Yx g Z) = (X | Cnv x ff £ | Cnv) + g (Y \Cnv x ff £| Cnv) (1) 
K (1). *309*35.3 h. Prop 

*309 361. h : X e Rat ff . Y e Rat n . Z e Rat. 3 . 

(X+ g Y) x g Z=(X x g Z)+ g (Yx g Z) [*309-311-36] 

21 
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*309-362. V : X,Ze Rat ff . Ye Rat„. 3 . (X + g F) x g X = (X x g Z)+ g (Yx g Z) 
Dem. 

h. *309-122. *308-41 .3 

\- .(X + g Y) x g Z= {(X +, Y)x g Z \ Cnv} j Cnv . 

(X x„ Z)+ g (Y x g X) = {(X x g Z\ Cav) + g (Yx g Z | Cbv)} | Cn v (1) 

h. *309*361. 3 

I-: Hp . Z e Rat n . 3 . (X +„ F) x ff X j Cnv 

= (X x ff X | Cnv) + ff (F x g Z\ Cnv) (2) 

\-.(l).(2).3\-:n V .ZeR*t n .3.(X+ g Y)x g Z = (Xx g Z)+ g (Yx g Z) (3) 
I-. (3). *309-361 . 3 h . Prop 

*309-363. I :X,Y,Ze Rat ff . 3. (X +, Y) x g Z = (X x g Z)+ g (Yx a Z) 

Dem,. 

h. *309-35*12. *308-4.3 

h : Y,Z e Rat. X e Rat n .D . (X + g Y) x g Z = (X x g Z) + g (Y x g Z) (1) 

I-. *309-36.3 

\-:YeRa.t.X,ZeKsLt n .D.(X+ g Y)x g Z = (X x g Z)+ g (Yx g Z) (2) 

Ml).(2).3 

h : X e Rat„. Y e Rat. Z <? Rat^ .3 .(X+ g Y) x g Z = (X x g Z)+ g (Y x g Z) (3) 
I-. (3). *309-31.3 

h : X e Ratp. Y e Rat. Z e Rat s . 3 . (X + g F) x g Z = (X x g Z) + g {Y x g Z) (4) 
h.(4). *309-362.3 h . Prop 

*309 37. h . (X + g Y) x g Z = (X x ff Z)+ g (Y x g Z) 

[*309*36311-15 .*308-31-33] 

*309-41. hi. A eRat — t‘0 5 .3 :(A x g X) < g Y . = . X < g (Y x g A) 

Dem. 

I-. *308-56.3 I-:. (A x g X) < g Y. = : 

A x g XeRa,t g :{AZ).ZeUa.t-L%.(A x g X)+ g Z= Y (1)' 
I-. (1). *309*15.3 h :: Hp . 3 :. (A x g X) < g Y. = : 

X e Rat ff : (gX). Z e Rat - i‘ti q .(A x g X)+ g Z=Yi 
[*309*25-37-23-24] 3 : X 6 Rat ff : (gX). Xe Rat - i‘0 q . X + g (Z x g A)= Y x g A : 
[*305-31.*309-13] 3: X e Rat p : (gX ). X' e Rat - l% .X + g Z'=Yx g A: 
[*308-56] 3 :X< g {Yx g A) (2) 

Similarly h :. Hp . 3 : X (F x g A) . 3 . (A x g X) < g Y (3) 

I-. (21. (3). 3 I- . Prop 
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*309-42. \-uAe Rat n - i‘0 g . D: (A x g X) < g F. = . (Y x g A) < g X 

Bern. 

I-. *307-4,*309-122 .D 

I- Hp . D : (A x g X) < g Y. = . (Y | Cnv) < g (A | Cnv x g X). 

[*309-41.*307-22] a . (Y | Cnv x g A \ Cnv) < g X . 

[*309-121] = . (Y x g A) < g X D h . Prop 

*309-5. h : X, Ye Rat,. X£Y £ € C‘B g . D. (X x g Y ) £ t^fi e C‘H g 

[*309-14-141 142143. *305 26] 

*309-51. (-: X, Ye C‘H g . D . (X x g Y) £ tn‘C“C<X e C‘H g [*309 5] 



*310. THE SERIES OF REAL NUMBERS. 

Summary of *310. 

Real numbers, as opposed to ratios, are required primarily in order to 
obtain a Dedekindian series, so as to secure limits to sets of rationals having 
no rational limit. If rationals and irrationals are to form one series, it is 
necessary to give some definition of “ rationals ” other than “ ratios,” since 
the series of ratios (assuming the axiom of infinity) is not Dedeldndian, and 
is not part of any arithmetically definable Dedekindian series. But in virtue 
of the propositions of *212, the series of segments of the series of ratios, 
i.e. the series s ‘H, is Dedekindian, and this series contains a series, namely 
H>H , which is ordinally similar to H. Thus the properties which we desire 
real numbers to have will result if we identify them* with segments of H t 

and give the name “rational real numbers” to segments of the form H‘X, 

—> 

i.e. to segments which have ratios as limits. Thus H‘X is the rational real 
number corresponding to the ratio X, and a real number in general is of the 
form where X is a class of ratios. H“\ will be irrational when X has 

no limit or maximum in H. 

Since real numbers involve classes of ratios, the ratios concerned must be 
of some one type, and cannot be typically indefinite. Thus, as might be 
expected, hardly any of the properties of real numbers can be proved without 
assuming the axiom of infinity. In the present number, however, we shall 
be mainly concerned with just those few simple properties which are inde¬ 
pendent of the axiom of infinity. 

The series by which real numbers are to be defined, has both a 

beginning and an end, namely A and D ‘H (which =C‘H if the axiom of 
infinity holds). D ‘H will be infinity among real numbers. It is not con¬ 
venient to include it in the series of real numbers as defined, just as it was 
not convenient to include oo q in the series H ot H'. Again A is not 
naturally to be taken as the zero of real numbers, which should rather be 
taken as being t‘0 9 . Thus we are led to the two following definitions, in 
which © is the series of positive real numbers other than zero and infinity, 


* On this definition of real numbers, cf. Principles of Mathematics, Chap. xxxm. 
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while 0' is the series of zero and the positive real numbers other than 
infinity: 

*31001. 0 = ( 5 ‘£T) £ (-*‘A - i‘D‘tf) Df 
*310011. 0' = t'O 9 *f 0 Df 

These notations are framed on the analogy of H and H' , the letter 0 
being chosen to suggest 6, the relation-number of the continuum. Although 
we do not have Nr‘0=0, we have NrV-ff = 6, and therefore (*31015) 
i-i-Nr'0+1 = 8, and Nr‘0' + i = # (assuming the axiom of infinity). Thus 
the relation-number of 0 is simply that of a 8 with the ends cut off. 

We put further, on the analogy of H n , H g> 

*310 02. 0 n = (**H n ) t (- t‘A - Df 

*310 021. 0'„ = i‘O ff «f 0 B Df 

*31003. 0 tf =0«£0' Df 

Thus 0 n is the series of negative real numbers, @' n the series of zero and 
the negative real numbers, 0 g the series of negative and positive real numbers 
including zero (infinity always excluded). The class of positive real numbers 
is C‘0, of negative real numbers (7‘0 W , of all real numbers (excluding infinity) 
(7 f 0 v i*i f 0 g u If v is a positive real number, |Cnv“y is the corre¬ 

sponding negative real number (*31016), The properties of 0, 0 n , 0 g in 
respect of limits, continuity, etc., result from the properties of 6 as proved in 
*275, and from the properties of series of segments as proved in *212. 

Instead of taking the series of segments as constituting the real numbers, 
it is possible to take the series of their relational sums, i.e. s’0. This 
depends on the fact that s’0smor0 (*31033). The chief advantage of 
S’0 is that it is of the same type as the series of ratios. We shall show in 
*314 how to construct the arithmetic of real numbers defined as the relational 
sums of segments; until then, we shall regard real numbers as segments of 
the series of ratios. 


*31001. 0 = (s‘fl)t(-4‘A-i‘D'/7) Df 

*310011. 0' = i‘O 9 «f0 Df 

*31002. Df 

*310 021. @' M = t‘0 g «f 0 B Df 

*31003. 0 p =0 n £0 Df 


*3101. b . 0, ©', 0 BJ 0' B , 0 3 e Ser [*304 23 . *307*41-25 . *204-5 . *212 31] 
*31011. b : fi%v D ‘He — t‘A — t‘D ‘H . fx C v . ya v ■ 

= . fi, v e D. g ! ^ . g ! D‘H — v • g ! v — fx . 

= . fx, v e n CDs *2?" . fx C v . =f= v 

[*212-23132 . *21161. (*310 01)] 
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*310111. h : /u0 n v . = . /*, v € D — t‘D ( H n , fiC v . v . 

= .fi,v€ D'(# n ) e . a ! /*. a ! D‘F n — 1 /. g I v — /i.. 

= . fx, v e D f 5 f jy„ r* (P 9 f .ff n . ft C v . ft 4= v [(*310*02)] 

*310112. h /u0 9 v. = : /u,0 n v . v . p&v . v . 

H e C‘0 n . r e t‘t% v C"0 . v. fi = t‘0 ? . v € C‘0 [(*310 03)] 

*310113. I- p&v . = :fi=l‘0 q . v e C"0 . V . fx%v [(*310 011)] 

*310114. V fxW n v . = :? = i% . v e C"0 n . v. p® n v [(*310*021)] 

*31012. h . C"0 = D ‘ S <H n a‘s‘H - D‘H e - i‘A - i‘D‘H . 

C‘0 n = DV#« n dVtf» = D ‘(H n ) e - t‘A - i‘V‘H n [*212132] 

*310121. (-.C‘0C Cl ex‘T>‘H . C‘0 n C Cl ex‘T>‘H n [*310*12] 

*310122, f-:a!3. = .a!0. = .a!0 / . = .g;!0n.B.g;I0 / n.s.a!0j, 
[*212*14. *161*13. *304 27] 

*310123. h : a ! 3 . D . C"0' = i‘i‘Q g w C‘0 . C‘0' n = i‘i% u C‘S n . 

C‘® g ~C‘® n u iVO s uC*0 [*310*122. *161*14] 

*31013. F.C‘0n C‘0 n = A . s‘( 7‘0 n s‘C‘0 n = A 

Dem. 

h . *31011*111. D F : fi e C‘0 . i> e C‘0 n . D . /* C D‘tf. ? C D ‘H n . a ! fi . a ! v . 
[*307*25] D v-A:DF. Prop 

*310131. 1-. t‘0, ~ e C‘0 w C‘0„ [*304*282] 

*31014. I- . 0 n smor 0 [*212*72 . *307*41] 

*31016. h : Infin ax . D . ©' +> C‘H, 0' ft +> C‘H n , C'H n *f ® g +>C‘He0 
[*304*33. *310*14 . *275*21] 

*310*151. f-: Infin ax . D . 0', 0'„ e Ser n comp n semi Ded 
[*310*15 . *275*1. *271*18 . *214*74] 


*31016. 

hive C‘0 . = . | Cnv“p e C‘0 n 

[*310*12 . (*307*04)] 

*31017. 

h . ] Cnv“| Cnv“j> = v 

[*307*12] 

*31018. 

V : fx = | Cnv“v. = . v = | Cnv“yu, 

[*310*17] 

*31019. 

h : fx - v . = . | Cnv“yu, = | Cnv“i> 

[*310*17] 

*31031. 

V%fie C‘0 v C‘0 n . D . a ! (s‘fi) £ Rel uum 

[*304*5. *310*121] 



THE SERIES OF REAL NUMBERS 


319 


SECTION A] 

*31032. F fx,ve C‘® g . D : s*fi = s‘v . = . p — v 
Bern. 

I-. *310-31 . *303-62.3 

I ~: fie C‘S u C‘® n . v = i‘ 0 g . g ! (s‘p) t Rel num . ~ g ! (s‘i>) £ Rel num . 

D,s‘/j,^s‘v ( 1 ) 

I-. *310-12-31 . *307-25 .DFi/ie C‘© . v e C‘@ n . D . s { /x 4= &‘v ( 2 ) 

1-. *310-11 . D I- fx%v . 3 : g ! i/ - p : 

[*310-121] D : (gp, a): p/a ev: %{r] e p . Df,, . £/?7 + P! a : 

[*303‘52] D : (gp, cr, R, S ) : pja ev.R (p/cr) S: I /77 {R(^jv) $} : 


[*41-11] D:g!s‘i^s‘p (3) 

F . (3). *310‘1 . D 1 -: fi r ve C f S . p 4= v . D . s‘p, =)= s‘v (4) 

Similarly u : p, v e C‘S n . p =|= v . D . s‘p 4= s r i> (5) 

F . (1). (2). (4). (5). D F Hp . D : p =f v. I). s‘p + (6) 

F.(6). Transp . D F . Prop 


*310-33. F . s’© smor @ . s’0„ smor ©„ . s’@ g smor © g [*310‘32] 



*311. ADDITION OF CONCORDANT REAL NUMBERS. 

Summary of *311. 

We define a set of real numbers as concordant when all are positive 
or zero, or all are negative or zero, i.e. when all belong to C l W or all belong 
to C‘®' n . Given two concordant real numbers fx and v, we define the sum of 
fi and v as the class of sums, in the sense of *308, of a member of fx and a 
member of v, i.e. as 

W[{&M,N).Men.N€v. W=M + g N], 
i.e. as s‘ix+ g “v, in virtue of *4(V7. It is easy to prove that, assuming the 
axiom of infinity, the sum so defined has the properties we require of a sum. 
We denote the sum so defined by “ fi + p v.” In order to insure that ft+ p v 
shall be A unless /x, v are concordant real numbers, we put 

*31102. fx + p v = X {concord (jx, v) . X e s‘fx +g“v\ Df 

Thus if fx, v are concordant real numbers, (x + p v = s 1 *fx + g “v (*311-11); if 

not, fx+ p v = A (*3111). A definition of addition which applies to real 
numbers of opposite sign will be given in *312. 

The commutative and associative laws for + p (*31112121) follow at 
once from the corresponding laws for + g . Assuming the axiom of infinity, 
we prove without much difficulty that the sum of two positive real numbers 
is a positive real number (*31127), and the sum of two negative real 
numbers is a negative real number (*31142). In these proofs, when propo¬ 
sitions of previous numbers involving “Rat ” are used, “ Rat” is replaced by 
C‘H' and “Rat — t‘0 g ” by C f H. This is legitimate in virtue of *304 , 49 , 34. 
In *311511 we prove (assuming the axiom of infinity) that if £ is a positive 
real number, and Y is any positive ratio, however small, there are members 
A of £ such that F+ P A is not a member of i.e. given any positive real 
number, there are rationals differing from it by less than any assigned positive 
rational. This proposition is useful, and is used in proving that if £, i) are 
positive real numbers, each is less than f + p i) (*31152). The converse of this 
proposition, i.e. the proposition that, if fx%v, there is a positive real number 
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X such that i/ = /i+ p \ ) is proved in *311*621*64, after a considerable amount 
of work. Thus we have 

*311*65. b :: Infin ax . D ft%v. = : ft, v e C*% : (g[X). X e C‘& .v = fx+ p X 
We have, of course, a corresponding proposition for ® n (#311*66). From 
#311*65 we deduce without difficulty that if fx is less than v (fx, v being 
positive real numbers), then X+ p /x is less than X + p v (X being a positive 
real number), i.e. 

#311*73. I": Infin ax . X e G { % . /i.©y . D . (X + p p) © (X + p v ) 

whence (with the corresponding proposition for © n ) we deduce 
*311*75. 1-Infin ax . concord (X, fx). D : X + p fx = X + p v . = . /x — v 

which secures the uniqueness of subtraction. 

*311*01. concord (jx, v, ...)• = : /x, v ,... e (7*©' .V.fx,v,...e (7 ( ©' rt Df 
*311*02. fx+ p p = X {concord (/x,v). X e s‘fx+g tt v] Df 

*311*1. f-: ~ concord (/x, v). D . jx +p v — A [(*311*02)] 

*311*11. I": concord (p, v ). D . 

ft+ p v =s‘/x + g “v= N). M € p. N ev .W = M+ g N) 

[(*311*02)] 

*311*12. h .fx+ p v = v+ p fi [*311*1*11 .*308*4] 

*311*121. h.(X+ p/1 ) + pI / = X+ ? (ft + p v ) [*311*1*11. *308*63] 

*311*13. b : concord ( fx , v) . = . concord (| Cnv“/u> I Cnv“j/) 

[*310*16. (#311*01)] 

*311*14. b : concord (/u,, | Cnv“y). = .concord (| Cnv“/i»»>) [*311*13.*310*17] 
*311*15. b : concord (ft, \ Cnv“v ). D . ~ concord (/ x , v) [*310*13*16] 

*311*2. b : Infin ax . £ C C‘H . X e C‘H. Z ). X + g “H“% = H“X + “% n %X 
Dem. 

b . *308*72 . *304*34*401. D b Hp . D : YeX +“H “%. = . 

('2LZ,Z , ).Z , *t.Z*C l H.Y=X+ g Z.{X+ 9 Z)H{X+ 9 Z'). 
[*37*6] = . (g[Z, Y').Z e G‘H . Y=X + g Z. Y’ *X +/‘S. YHT'. 

[*306*52] = .Ye H“X + g “g. XHY D b . Prop 

*311*21. b : Infin ax . f C C‘H. a ! f . X e C‘H . D . H*‘X C H“X +“£ 

Dem. 

b . *306*52 . *304*401 . D b Hp . D : 7e£. D . XH(X + g Y) : 
[*40*51*61] + “£ 

b . (1) . *304*23 . D b . Prop 
e. & w. m. 


( 1 ) 
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*311-22. b : Infin ax . £ C C‘H . 3 ! f. X e C‘H . D . 

H‘*X +/'f = /?**X u X +“H“% 

Dem. 

b.*304 23, D b. H**X + ff “f= +„“f « #*'Z) w(tf “X tf*X) (1) 

b. (1). *311-2-21. Db. Prop 


*311-23. b: Infin ax . £ e 0*0 . X e C‘H. D . H“X +“£ = H**X w X +“H“% 
[*311-22. *310-12] 

*31124. b Infin ax. £e 0*0 . YeC‘ff.O: 

(a* Z).ZHY . YeZ+“£i Yes‘Z+“H‘Y 

Dem. 

b . *304-31 .3 b : Hp . Z) . ( a TT) . W e £ . WHY. 

[*306-52] D.( a Z, IF). W^.ZHY. Y=Z+ g W : D b . Prop 

*311*25. b : Intin ax . £ 7 ; e 0*0 
Dem. 

h. *310-12. Dh:Hp. Y erj .D .~H‘Y Crj. 

[*311-24] D.Yes‘Z+ g “ v ( 1 ) 

I-. (1). *311-11 .DI-iHp.D.TyC^+pT; ” (2) 

b . (2). *311-12 . D b : Hp . I). £ C £ + p 77 (3) 

b . ( 2 ).(3).D b . Prop 

*311'26. b : Infin ax . f, rj e 0*0 . D . H‘*(£ + P v) — ^ +pV 
Dem. 


b . *311-23 . D b Hp . I): Fe^.D. H“(%+ g Y) = H%‘Y w (#**£) + 3 
[*311-11.*31012] D : H“(%+ pV ) = H*“ v v (£+* 17 ) 

[*31P25.*310-12] = f+P?;:. D h . Prop 

*31127. b : Infin ax . £, V e 0*0 . Z>. £ + p y e 0*0 
Dem. 

b . *311-25 . *310-12 . D b : Hp . D . a ! £ + p y . 

[*311-26.*310-12] D.^^eO*@u t*D*H 

b. *31012. *211 703. D 

b : Hp . D . X) . M, N e D ‘H . M e p*H“£ . Nep‘H“ V . 
[*308-32-72.*306-23] D . ( a Jf, X). IH +, Nep‘H“(% + p y) n D*H 
b . (2). *200-5 . D b : Hp . D . £ + p y 4 = D‘H 
b . (1) . (3). D b . Prop 

The axiom of infinity is essential to the truth of the above proposition, for 
if it fails we have E ! B ( H . B‘H ~ef+pij, while p e 0*0 .,D . B l R e p. 


( 1 ) 


( 2 ) 

(3) 
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*311*31. b • j Cnv^Ou, v) = (I Cnv“/i) + p (|Cnv‘V) 

Dem. 

h . *311*13 *1.3 

b : ~ concord (p, v ). D . | Cnv“(/4 + p v) - A . (j Cnv“ya) + P (| Cnv“i/) = A (1) 
I-. *31113*11 . D 1-: concord (p, v) . D . j Cnv“(/z + p v) = | Cnv'V/* + g “v 
[*308-411] = s‘(|Cnv'» +“{\Qnv“v) ” (2) 

b.(l).(2)Ob.Prop 

*31132. b . [ Cnv“(/i + p | Cnv“v) = (| Cnv fr /u.) + p v [*31P3*1 . *31017] 
*311*33. b . p + p v = |Cnv“{(| Cnv“^) + p (j Cnv'S)} [*311-31. *310‘18] 
*311*41. b : Infin ax . jtt, y e 0‘® n 0.//,C/u,+ p j/.i/C/i+ p r 
Dem, 

b . *311*25 . *310*16 Ob: Hp O. | Cn v“p C ([ Cnv“/i)+ p (| Cnv“i^. 
[*311*33.*310*17*] Z>.p Cp+ p p (1) 

Similarly b : Hp . D . v C p + p v (2) 

b . (1). (2) O b . Prop 

*31142. b : Infin ax.^ye C‘® n .0, p+ p ve C‘% n 
Dem. 

b . *311*27 . *310*16 O b : Hp O. (| Cnv'V) + p ([ Cnv“ v ) e C‘® . 
[*311*33.*310*16] D./x+ p ve C‘% n Ob. Prop 

*311*43. b : p e C‘® g O. p + p i% = p 
Dem. 

b .*31111 Ob :HpO.,*+ p fc'0 9 = W{{%M).Mep. W=M+ g Q q } 
[*308*51] =/iOb. Prop 

*311*44. b : Infin ax . concord (p, v) O . p + p v e C‘® g [*311*27*42*43] 

*311*45. b Infin ax . concord (p t v ): p 4= i‘0 q .v.v — i‘0 q O. p C p + p v 
[*311*25*41*431 

*311*51. b : Infin ax. £ e D‘- i‘ A. Fe C*H . Y +“% C f. D. £ = C‘H = D‘H 
Dem. 

b. *38*130 b : Hp . X efO. Y+ g X e£. 

[*306*52] D.Fe£ (1) 

b . *306*51. D 

bsHp.ireNCind.Zef. Y+ g (v/1 x g X) e £0 . F+ p {(v + 0 l)/l.x, X] e f (2) 
b . (1) . (2). Induct Ob: Hp . v eNC ind . Xe£0. F + g (vjl x,X) (3) 

b. *305*7 . *306*52 0 

\-:H.p.XeZ.ZeC‘H.3.(nv). V €NCma.ZH{Y+ g (v/l x,X)} 
b . (3). (4) O b : Hp . Xe C'HO . Ze f O b . Prop 


( 4 ) 
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*311-511. Filnfinax.f eC‘@. Y e C‘H . D . (gA r )« Xe%. Y + g X ~ e £ 
[*311-51. Transp] 

*311'52. F : Infin ax . £ v e C*% . D . (f + p V ) 

Bern. 

F . *311*511. D F Hp . D : Fe C‘H . D . (gX ). X e % . X+ g Y~ e %: 
[*311-11] D : (gX, F). X +, Y e (f +^) - f: 

[*310'll.*311-27] I) : +^* 7 )I> f- . Prop 

*311-53. F : Infin ax . £ 77 e C‘0 n . D . (£ +„ 77 ) [*311-52-33] 

*311-56. F Infin ax . £ e C*©, .D:|=|+ p 77. = .^ = i‘0 ? [*311 1-43*52-53] 

*311*57. I-:: Infin ax . D £= fj+ P y ■ = '■ %— A • v . %eC‘® g . ij = F0 g 
[*311-56-1] 

*311-58. F: Infin a x . pe C‘® .0 . p = H“p [*304*3. *270*31] 

*311*6. F : Infin ax . fi%v . X, Ye v — fi ■ XHY. M e fi. 0 . M + g (Y — t X) e v 
Bern. 

F . *310*11.3 F : Hp. D. MHX . 

[*308-42-72] D.{M +s (F- s Xp7 (1) 

F . (1). *311-58 OF. Prop 

*311*61. F : Infin ax . fi%y . 

\ = £{(gX, F).X,Fe*-/i.Xjffr.X-F- ( X}.D. 
s‘v+ g “\Cv [*311-6] 

*311*62 F : Infin ax . fx%v . X e v — /j, . D . (g F) • F e v — ji • XHY 
Bern. 

F . *311-58 O F : Hp O . X e p OF. Prop 


*311-621. F : Hp *31161 O. A f 0‘S 
Bern . 

F.*311-62. DF:Hp0.g!A (1) 

F . *308*46 . D F : Hp . D . A C “r (2) 

F. *311-62. DF:Hp.X, Fev- / i.XtfF.D.(g£).#ev- / *. 

[*308-42*72] D. (gZ). £ e * - n . (Y X) H{Z X) (3) 

F . (3). *37*1 .DF:Hp.D.\C //“A (4) 

F . *308-56*42*72 . D 

F : Hp. X, Ytv-fx.XHY.LHiY-t X)O.Xtf (X +p).(X + g L)HY. 
[*310*11. *308*43] D.ZeA (5) 

F. (5). *37*1. DF:Hp0.tf“ACA (6) 

F . (1) . (2) . (4) . (6) O F : Hp O . A e D‘ZT e - i‘A - i‘D‘H . 

[*310-12] D . A e O F . Prop 
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*311-63. V : Infinax . v e C‘®. X e r . Ne C‘H . 3 . (gZ) . LHN.X 4 - g Le v 
Dem. 

V . *311-58 . D h : Hp . I) . (g F). Yev. XHY (1) 

h . *308-42 . D I-: Hp. Yev.XHY.Z = Y -,I .ZHN.1.ZHN.X + g Zev (2) 
h. *308-42-72.3 

h:Hp. Y€ V .XHY.Z=Y-„X .Nff^Z.LHN.D.LHN.X+ g Lev (3) 
h. (3). *311-58. D 

h:Hp. Yev.XHY.Z=Y- X. NH*Z .3 .(rL) . LHN .X+ g Lev (4) 

h . (1) . (2) . (4). D h . Prop 

*311631. h : Infin ax . jx%v . Ne fi . D . 

(g^X, F).ife /i .X,Fer-^.XFF.^=Jlf+ ff (F-,X) 

Dem. 

K *311-58. *308-72. D 

h : Hp. Xev - /*. LHN.X + g Lev. Y-X + g L. M = N- g L . D . 

ilfe /i .X,Fe,,-^.X#F.X-jlf+ ff (P- g X) (1) 
h.(l). *311-63. Db. Prop 

*311*632. h : Infin ax . fi%v . Ne v — fi . D . 

(g if, F) . if 6 ya . M + g W, N + g W e 1/ - IX . (M 4v W) H (X W) 


Dem. 

h . *306*52 . *311-63-58 . D h : Hp . D . (a W ). We C‘H . X+ g We v - p (1) 

h. *311-511. D I-: Hp. We C‘H. I) . (a M) .Mep. M+ g (2) 

h. *311-58. Dh:Hp.Jlfe/i.Xei/-/i. We 0*11 . D . MHN. WeG‘H. 
[*308-72] D .(M+g W) H(N+ g W) (3) 

I- .(3) . *311*58 . D h : Hp (3) . X+ g W ev . D . M + g W e v (4) 

h . (2). (4). => 

b:Hp. WeC‘H.N+ g Wev-n.D . (rM) . M e ft,. M + g Wev - p (5) 

I". (1) . (3) . (5) . 3 h . Prop 

*311*633. h : Infin ax . fi®v. N e v . D . 


(&M,X, Y’).Me l i.X,Ycv- f i.XHY.N = M+ t (Y-,X) 

Dem. 

-. *308 61-4-63.2 

b:Hp. MHN. X = M W. Y= N+ g W M+ g (Y- t .X) (1) 

H.*311-632.*308-72.DF:Hp.X~e/i.3 .(gM, W,X, F). 

Me ll .X~M+ g W. F*tf+,F.XfTF. JfiTtf .X,Fe*-/* (2) 
b.(l).(2). DH:Hp.X~€^.D. 

(gilf, X,Y) . M e fi. X t Y ev — (x. XHY. N = M + g (Y- s X) (3) 
I". (3) . *311631. D h . Prop 
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*311-64. HHp *311*61. Z>.p-/*+,X 
Dem. 

h. *311-633.D.pCsy+/*X (1) 

h . (1). *311-621-61 O I-: Hp. D . X e (7*0 . v = s‘p, +/*X. 

[*81111] D.v^+pXO h.Prop 

*31166. h :: Infin ax . D :. p.%v .= :/*, v e (7*0 : (gX) . X e (7*0 . v — p. X 
[*311-52-64] 

*311-66. h :: Infin ax . D :. p0 M p . = : p, v e (7*0 ft : (gX). X e (7*0 ft . p = p +„ X 
Dem. 

h . *31011111. D h : p0 M i, . = .(! Cnv**p) 0 (| Cnv“p) (1) 

h. (1). *311-65. Dh::Hp.D:. 

p0 n p . = : | Cnv‘*p € (7*0: (gX) . X e (7*0.1 Cnv‘*p = | Cnv‘*p + p X : 
[*311*32.*31016‘19] =:/ie (7*0 n : (gX) . X e (7*0„ . p = p + p X :: D H . Prop 


*311*73. h : Infin ax . X e (7*0 . p0p . D . (X p) 0 (X +p p) 

Dem. 

h . *311*65 . D h : ftp. D . (gp). p e (7*0 . p = p +*> p ■ 

[*311-121] D . (gp). p € (7*0. X + p p = (X + p p) + v p (1) 

K *311-27. :>h:Hp.D.X+*pA+pP*(7‘0 (2) 

I-. (1). (2). *311-65 . D h . Prop 

*311*731. H : Infin ax . X e (7*0 n . p0 n p . D . (X + p p) 0 n (X 4^ p) [*311’73] 

*311*74. h Infin ax: X,p e (7*0 . *. X, p e (7‘0 n : D : X p — X+ p p.s . p = p 
Dem. 

h . *311-27-1. D h : X,p € (7*0 . X + p p = X + p p. D . p e (7*0 (1) 

b . *31173 . Transp . D h : Hp (1). D. ~ (p0p). ~ (p0p) (2) 

h . (1). (2). *310*1. DI-:Hp(l). D.p = p (3) 

Similarly h :X,pe(7*0 rt .X+ 1) p = X-i P P. D . p = p (4) 

h . (3). (4) . D h . Prop 

*311*75. I-:. Infin ax . concord (X, p) . D : X + p p = X + p v . = . p = v 
[*311-74-43] 



* 312 . ALGEBRAIC ADDITION OF REAL NUMBERS. 

Summary of *312. 

In this number we extend the definition of addition so as to apply to real 
numbers of opposite sign. As in *308, this requires a previous definition of 
subtraction. We define subtraction as follows: If there is a X. such that 
v +p X = fi, then p — p v is X; if there is a X such that y,+ p \=v, then y, — p v is 
jCnv“X, i.e. the negative of X; in any other case, fi~ p v~ A. The formal 
definition is : 

*312*01. fj, - p v — A {(gX) : X, ft, v € C ‘® g : 

v X = fi ■ A 6 X • v • fi -f-p X == v • A e | Cnv **Xj Df 
Hence assuming the axiom of infinity we have 

v (© w @ w ) P . 3 . fi — p v = (?X) (v X — fi) (*31218), 

fi(@o0 n )v. D . p— p v — (?X) (/* + p \ Cnv“X = v ) (*312181), 

\eC‘® g .D.\- p \ = l% (*312-191). 

The algebraic sum of p and v is defined as fi+ p v if y, and v are of the 
same sign, and as p — p | Cnv“y if fi and v are of opposite signs ; i.e. we put 

*312*02. fi + a v = (ya + p v) v (fi— p | Cnv“v) Df 

This definition is justified because either fi+ p v or — p jCnv“v must 
always be A. Thus we have 

*312 32. h : concord (/*, v) . 3 . + a v = y, 4> v 
*312*33. 1-: ~ concord (fi, v) . D . fi + a v = /j, — p | Cnv“v 

The propositions proved are analogous to those of previous numbers, and 
.offer no difficulty. 


*312*01. (i— p v = X {(gX) : X,/*, v e C‘® g : 

v+ p X = /i.A«X.v./i+pX = v.Ae| Cnv (,: A} Df 

*31202. fi+ a v — (fi+ p v) v(fi— p \Cnv if v) Df 
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*312*1. V X e fi— p v .= : fi.ve C‘® g : (aX): X e C *% g : 

v+ p \ = fi. X e\.v . fi+ p \ = v . X e | Cnv“X [(*31101)] 
*31211. I-: ~ concord (fi,v) .D . fj,— p v = A [*311*1 27*42*43] 

*31212. 1-: Infin ax . i/0/* . D . 

p- p v = X {(aX).Xe(7 ( 0 . I /+ J) X = /t .XeX} = (?X) (i/+ p X = /*) 

Dem. 

b . *311*1 65 . D I-: Hp . D . ~(gX) . yu. + p X = v (1) 

l-.(l). *312*1. Dh:H P .D. ytt - p i; = Z{(aX).Xe(7‘0. y + p X = /i .Z6X} (2) 
K (2). *311*74. Dh. Prop 
*312*13. b : Infin ax . /*0v . D . 

fjL- p v= X {(gX) . X e <7‘0 . p+ p \ = v . X e\ Cnv“X} 

— | Cnv“(7X)(/t+ p X = i>) [Proof as in *312*12] 

*31214. h : Infin ax . v0 n /* . D . 

fi — p v = X {(aX) . X e C t S n .v+ p \ = fi.Xe\} 

= (i\) (v + p X = ft) [Proof as in *312*12] 

*31215. I-: Infin ax . /i0 n v . D . 

/i- pI / = i{( a X).XeC , ‘0n.ya+pX = v.ZejCnv“X} 

= I Cnv“(?X)(/*+ p X = i/) [Proof as in *312*12] 

*31216. b: fieC^g.D .fi- p L ( 0 q = fi [*312*1 .*311*43] 

*31217. b fjb€ C { ® g . D . i‘Q q — p ft=\ Cnv“p [*312*1 . *311*43] 

*31218. h : Infin ax . v (0 u 0,,) ^ . D . p ~ p v = (?X) (v X = p) [*312*12*14] 
*312*181. h : Infin ax . fi (© vy ©„) v . D . yu, — p v = | Cnv“( 7 X) (/* + p X = v) 

= (?X) (ft + p | Cnv“X = v) [*312*13*15] 
*312*19. I- : Infin ax . concord (X, /i) . D . (X ya) — p X = /* 

[*312*18. *311*65*60*43] 

*312191. h : Infin ax . X e . D . X - p X = i% [*311*52*53*43] 

*312*2. h . | Cnv“(yw, - p v) = j Cnv“yu. - p | Cnv“i/ 

Dem . 

b. *312*1 .*310*16.3 

I -X € | Cnv“/i — p | Cnv“y . = : /a, v e C*® g : 

(aX) : X e C ( % g : j Cnv“i> X = | Cnv“ya .ZeX.v. 

j Cnv“/t X = | Cnv“v . X e | Cnv“X : 

[*311*32] = -.^ve C‘® g : ( 3 X): X e C‘0 3 : 

v + p j Cnv“X = p. X e\.v . fjt+ p \ Cnv“X —v.Xe \ Cnv“X : 
[*312*1 .*310*16] =-.Xe\ Cnv“(fi - p v):.Db. Prop 
*312*201. b . fi- p \ Cnv“v = j Cnv“(| Cnv‘> - p v) [*312*2] 
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*31221. h.|Cn \“(v— p p) = p— p y 
Dem, 

Y . *312'1 . D I-:: X e 1 Cnv“(i> — p p) . = (gF) p,v e 0‘© 3 

(g\) : X e C‘® g : p+ p \ = v. Fe X. X = F| Cnv . v . 

v + p \ = p . F e | Cnv“X . X = F | Cnv 
[*31(H6] = p, v e C‘® g :. (gX) : X e C‘® g : p + p X = v . Xe [ Cnv“X . v . 

y+ 1 ,X = ^.X€X:, 

[*312-1] =:.X€^- pI ;::3KProp 

*312-211. Y.fi- P | Cnv“v = v- p \ Cnv“p [*312-20121] 

*312*22. Y : Infin ax . v (© u ©„) fi . D . fi — p v e G ‘© 

Dem. 

V . *311-65 . *312-12 . D h : Hp . v®p . D . fi - p v e C‘© {l) 

Y . *311-66 . *31215 .DY: Hp . p% n v . D . | Cnv"^ - p v) e C‘% n . 


[*310-16] l.fi- p veC<® (2) 

1- . (1) . (2) . D h . Prop 

, 31223 . 

Y : Infin ax . p (© a © n ) v . D . fi - p v e C‘® n 

[*312-21-22. *310-16] 

* 3123 . 

Y . p. + a v = (p. + p v) v (fi — p | Cnv“v) 

[(*312-02)] 

* 31231 . 

Y : ~ (p,, v e (7‘© g ) . D . p, + a v = A 

[*312-3-11 .*3111] 

* 31232 . 

Y : concord (p, v) . D . fi + a v = fi + p v 

[*312-311 .*31115J 

* 31233 . 

* 312 - 34 . 

* 31241 . 

Dem. 

1- : ~ oonconl (p, v).D. p + a v = p — p | Gnv“v 

Y : Infin ax . p, v e C‘® g . D . p +» v e C‘® g 
[*312-32-33-22-23. *31144] 

Y . p + a V - V +» fi 

[*312-3. *3111] 


H .*312*32 . *311*12 . D I-: concord (p, v ). D . fi + a v = v +«/* (1) 

Y . *312-33-21 . D Y : ~ concord (fi, v) . 3 . fi + a v = | Cnv“(| Cnv“i/ - pt i) 

[*312-201] =v~ p \Cw“fi 

[*312-33] = v+ a /i (2) 

Y . (1). (2). D Y . Prop 

*31242. Y : Infin ax . concord (X, fi, v ). D . (X + p fi) — v (X + p v) = fi ~ p v 
Dem. 

Y . *311-27-42-43 . D Y :. Hp . D : concord (X + p fi, X -i- p v, X, fi, v) : 

[*311-75] D:\+ P p = fi. = .(k+ P p)+ P v~fi+ P v. 

[*311-12-121] = .(\+ p v)+ p p = fi+pV (1) 

Similarly I-Hp . D : fi+ P p = X . = . (fi + p v) + P p = X + p v (2) 

I- . (1) . (2) . *312-1 . D Y . Prop 


22 
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*31243. I-: Infin ax . concord (X p, v ). v (0 v 0 n ) p-. 3 . 

(\ + p p) -p V ® X +p (p -p v) 

Dam. 

b . *311-65-66 . 3 I-: Hp . 3 . (gp) . p e &% g .p = v+ p p . 

[*312-12-13‘19] 3 . (gp) . p e C‘® g .(\+pp)~ p v=‘\+ p p. p— p v = p :Db . Prop 


*312-44. 

Dem. 


h : Infin ax . concord (X, p, v) . p (0 o 0 n ) v . 3 . 

(X + P p) - v v = \ - 1 


(v -p p) 


H . *311‘65‘66 . 3 h : Hp . 3 . (gp) ■ p e 6 u 0 ff . v = p + p p . 

[*312-42-19] 3 . (gp). p e G‘@ g . (X +p,p) - P v = \- V p* p = v- p piZ>b . Prop 


*312-46. b : Infin ax . concord (X, p) . 3 . (X + p p) — p p = X + p (p — p p) 

Dem. 

h. *31219. *31143.3 h:Hp .D.p- P p = i% . 

[*311*43] 3. X +p (p -p p) = X 

[*31219] = (X + p p) - p p : 3 b . Prop 


*312461. h : Infin ax . concord (X, p,v). 3 . 

(X + p p)-p* = (X + a p) + ft | Cnv“y = X + tt (p + a | Cnv“p) 

Dem. 

h . *312-43. 3 h : Hp. v (0 u 0 n ) p • 3. (X -fp p) - p v *= X + ? (p — p v) 

[*312-33] = X + p (p + a | Cnv“v) 

[*312-32-12-14] = X + a (p + a j Cnv“i/) (1) 

h . *312*44.3 h : Hp. p (0 u 0 W ) v . 3 . (X + p p) — p v = X — p (v —p p) 

[*312-21] = X-*|Cnv“(p- pl /) 

[*312-33-12-14] = X + a (p - p v) 

[*312*33] — X +a(p +«| Cnv“i/) (2) 

b . *312"45.3 b : Hp. p = v . 3 . (X +p p) — p v = X (p — p v) 

[*312-33-32] = x + a (p + a | Cnv'V) (3) 

h . (1). (2). (3). *312-32. *311-43.3 b . Prop 


*312 46. I- : Infin ax . concord (X, p) . 3 . (X +» p) + a v = X + a (p + a v ) 

Dem, 

b . *312-32 . *311-65-66-43 . 3 b : Hp . concord (X, p, v) . 3 . 

(X+„yi)+flV = (X+p/i)+ P v.X+a(fi +a v) = X +p (p + p v) (1) 
b . *312-451.3 

b : Hp . concord (X, p t | Cnv'V). 3 . (X + a p) + a v = X + a (p + a v) (2) 

b .*312-31.3 h : v~eC‘® g . 3. (X+ap) +«i> = A . X+a(p+ a i') = A (3) 

I-. (1) . (2) . (3) . *311-121. 3 h . Prop 
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*312-461. h : Infin ax . concord ( fi, v) . 3 . (A + a p) +« * = X + a {fi + a v) 

Devi. 

h . *312*46 . D I- : Hp . D . (v + a fi) +« X = v + a {fi + a X) (1) 

h . (1). *312-41 . D h . ProD 

*312’47. h : Infin ax . concord (X, v) . D . (X + a fi) + a v = X + a {fi +« v) 

Dem. 

h . *312-461 . D h : Hp . D . (/i + a X) + a v = /i + a (X + a v). 

[*312"41] D . (X + a fi ) +a V = fi +a (X + a V ) 

[*312*41] = (X + a v ) fi 

[*312-46] =\+a(v+*fi) 

[*312-41] — X + a (fi +a v) : D h . Prop 

*312*48. h : Infin ax . D . (X + a fi) •+<, v = X -f a (/* +* v) 

Dent. 

K *312*31.3 

h : ~ {X, /t, i/ e C"® ? }. D . (X -j- a ft) +« v — A . X + a {fi + a v) — A (1) 

h . *310*12 D h X, fi, v e C { G g . D : concord (X, fi) • v . concord (X, v ): 
[*312*46-47] Dt(\+a/J>)+aV = \+a (f* +« v) (2) 

h . (1). (2). D h . Prop 

*312 61. h : X e C‘® ff . D . X + a t‘0 9 = X [*312*32 . *311*43] 

*312-62. h : Infin ax . X e C‘B g . D . X + B | Cnv“X = i‘0 q 

Dem. 

V . *312-33 . D b : Hp . 3 . X + a | Cnv“X = X X 

[*312-191] = i‘Q q : D h . Prop 

*312*63. h Infin ax . X, fi, v e G t B g .D:X+ a /i = i/. = .X = v+ a | Cnv“/i 
[*312*48-51-52] 

*312*54. h : Infin ax . X, fi e C‘G g . D . (go*) . er e 0‘B g . X -U cr = fi 
Dem. 

V . *312-48-51 -52 . D I-: Hp . D . X + a (| Cnv“X +„/*) = /* (1) 

h . *312*34 . D h : Hp . D . | Cnv“X +« e 0‘8 ff (2) 

1- . (1) . (2) . D h . Prop 

*312*65. f-Infin ax . X, fi, v e .3:X+ fl f( = X+ tt v.E = 

Dem. 

I-. *312-41-53 . D h Hp. D : X + a fi = X +* v . = . fi = (X + a v) +* | Cnv“X. 
[*312-41-48] = . fi = v + a (X +« i Cnv“X). 

[*319/51-52] =.ji = v:.Dl-.Prop 
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*312*56. h Infin ax . concord (X, p ). D : X0 g /* . = . (gcr) . er e C"0 . X + a cr = fi 
Dem. 

K *311-65. *31232.3 

h Hp .X,/j,e C‘& . D : X0 ff /x,. = . (go - ) . a e 0‘® . X + a a = fx (1) 

h.*311-66 .*310-16.3 

h Hp . X, n e C‘0 n . 3 : XS g fi . = . (gcr). a e C"© . p, + p [ Cnv“o- = X . 
[*312'53-32] = . (g<r) . a e 0‘& . X + a a == /* (2) 

I-. *312-51 . 3 1“Hp . X = i‘0 ? . 3 : \® gf i. = .(g<r).<r e C‘©.X + a * = fi (3) 

I-. *312*53‘51 . 3 h Hp . p — i* 0 9 . 3 : \® g fi . = .(go-).cr e C ( ®.\+ a v = /j, (4) 
K(l).(2).(3).(4).3KPro P 

*312-57. 1"Infin ax . X, /t e C ‘& 9 . ~ concord (X, p ). 3 : 

X0 fl /t. = . (go-) . o- e C‘0 . X + a a = p 

Dem. 

h . *312-48-51-52 . 3 h : X e C‘0 ft . /* e C‘® . 3 . p = X + a (j Cnv“X + a /*) (1) 

I-. *312-32 . *311-27 . 3 h : Hp (1). 3 . (| Cnv“X + a p) e C‘© (2) 

h.(l).(2). 3 h : Xe (7‘0 n - yu. e (7‘0. D.(go-). o- e (7‘0.X + a o- = /x. (3) 

1“. *312-32 . *311-27 . *31013.3 

I - : X e (7‘0 . p, e C"0 ft . 3 . ~ (go - ). a e C‘& . X 4- a o- — /* (4) 

K(3).(4).D 

h Hp . 3 : X e C‘S n . fi e (7‘@ , = . (go-) . a e C ‘© . X + a o- = 3 f- . Prop 

*312 58. 1-:. Infin ax . X, p e 0 ( ® g . 3 : 

X0 ff /t. = . (go-). a e C ‘0 . X +« o- =// [*312'56‘57] 



*313. MULTIPLICATION OF REAL NUMBERS, 

Summary of *313. 

Multiplication of real numbers is simpler than addition, because it is not 
necessary to distinguish between factors of the same sign and factors of 
opposite signs. Thus we put 

*313 01. fj, x fl v = X [fi, v e C‘&g . X e s*fi x^'y} Df 

Thus if y., v are real numbers, their product is the class of products (in 
the sense of *309) of members of fi and members of v; otherwise their product 
is A. The propositions of this number are analogous to those of previous 
numbers, and the proofs are as a rule analogous to those of *311, except in 
the case of the distributive law (*313*55). 


*313*01. fi x a v = X {fi, v e C ‘& g . X es { /i x g “v] Df 

Proofs in this number are mostly analogous to those for addition, and are 
therefore often omitted. 

*31311. h : <-v> (fi, v e C‘® g ). D./iX„i» = A 
*31312. h : fi, v e C‘® g .D ./tx fl v = s*fi x g if v 
*31321. h : fi, v e C‘© v iVO q . D . fi x a v — s‘fi x/‘v 
*313*22. \-ifi, ve C‘B n v i‘i‘0 q .D.fiX a v = s‘(\ Cnv» x “(I Cnv“*) 
*313*23. h : fi € C‘® n . v e (7 f @ . Z> . fi x a v = | Cnv“s‘(| Cnv"^) x t “v 
*313*24. 1 - i C‘®> . v e C‘@ n ,D.fiX a v = | Cn v“s‘(fi x„)“j Cnv“v 

*313*25. h . fi x a v = i Cnv“(j Cnv“/* x a v) = | Cn \“fi x a \ Cnv“v 
*313*26. h . /x x a j Cnv“v = j Cnv“/t x a v = | Cnv“(yu, x a v) 

*313 31. h : Infin ax . f e C ‘&. X e 0‘H. D. X x“£ C H“X x fl “f 
*313*32. h : Infin ax . £ e C‘@ . X e C‘H . D . X x“£ = H“X x/‘f 
*313*33. h : Infin ax . f e C‘@ . X e C‘H. D . X x“% e C‘© 

*313*34. h : Infin ax . f e C ‘® n . X e C‘H n .D.X x/^eC‘0 
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*313 35. h : Infin ax . f e (7‘® . X e C‘H n . D . X x,"£ e C‘® n 

*313 351. b : Infin ax . £ e C ‘® n . Z e C‘H . D . X x ? “f e C‘@ n 

*313 36. b : C 1 ®,, .3.0, x,“f = i‘0 9 

*313-37. h X e C‘H g . D. Z x 3 “t‘0 ? = t‘0 9 

*313-38. h : Infin ax . f e C‘0 ff . Z e . D. Z x/‘f e (7'©^ 

*313 41. 1-: Infin ax . concord ( fx , v). fx 4= q . v =f . D . fx x a v e C ‘0 

*313 42. H : Infin ax . ~ concord (fx, v). (x,ve C‘® g . D . fx x a v e C‘® n 
*31343. b jx = i‘Q q .v.v = i‘0 q : fx,ve C‘® g : D . fx x a v = t‘0 q 
*313-44. h : Infin ax.^ve C‘® g . D . fi x a v e C‘& g 
*31345. h. ^ x a v-v x a fi 

*31346. I - : Infin ax . D . (X x a fx) x a v = X x a (fx x a v) 

The following propositions are concerned with the proof of the distributive 
law. 

*313'51. I-: Infin ax . concord (X, fx, v) . D . (v x a X) + a (v x a fi) = 

M[{rX, Y, Z,Z').Xe\ . Ye ix. Z,Z' e v.M = (Z x g X)+ g (Z' x g 7)] 
[*313-12 . *312-32 . *311 11 . *31341] 

*313-511. h : Infin ax . X, p e (7‘0 . Z, Z' e fx. ZHZ' . Z e X . D . Z x g Z' x g X e X 
Dem. 

b . *304-1-401. *305-14.3 h : Hp . D. (Z x g X) H (Z' x g X). 

[*30941] D.(Zx g Z' x g X)HX. 

[*311-58] D . Z x g Z' x g X eX : D h . Prop 

*313'52. h : Infin ax . concord (X, jx t v). D . (v x a X) + a (p x a fx) = v x a (X + a fx) 
Dem . 

b. *313-51-511 .D h:Hp.D. 

{v x a X) +a(vx afJ L) = M[(^X ! Y,Z).Xe\.Yefx.Zev.M=(Zx g X)+ g (Zx g Y)] 
[*30937] = 4f [(gZ, Y,Z).X e\.Ye>x. Zev.M=Zx g (X + g Y)] 

[*31312.*312-32.*311-11] - v x a (X + a (x) : D b . Prop 

*313 53. I- : Infin ax . concord (X, /*). ~ concord (X, v ). v e C‘® g . D, 

{v Xa X) + a (y X a fx)=^V X a (\+ a fx) 

Dem. 

b . *313-25 .Dh.(X+./t)x,»=! Cnv“{(X + a (x) x a [ Cnv“yJ (1) 

h . *313-52 . D h : Hp .D. (X+ a ^) x a j Cnv“v = (X x a | Cnv“v) + a (yu, x a | Cnv r< y) 
[*313-26.*311-31] = Cnv“{(Xx B y)+ 0 (/iX a v)} (2) 

h . (1) . (2) . D h . Prop 
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*313 54. h : Infiu ax . concord (X, v) . ***» concord (X, p). us . D . 

v x a (X +« Z 4 ) ” (v x a X) +o (v x a p) 

Dem. 

f- . *312'33'34 . D h Hp . X + a p — p .D:concord (X, p) . v . concord (p,p) (1) 
h . *313 52 . D h : Hp (1). concord (X, p) . D . 

(P Xa v) +a (| Cnv“/i x a V) = (p+a\ Cn v“p) x a V 
[*312-53] = X x a v • 

[*312*53.*313‘26] D . p x a v = (X x a v) + a (p x a v) (2) 

Similarly h : Hp (1). concord (p, p ). D . p x a v — (X x 0 v) + a (p x a v) (3) 
h . (1). (2). (3). D h . Prop 

*313*55. I-: Infin ax. D . (v x a X) + B (v x a p) = v x a (X + a p) 

[*313-52-53-5411 .*312-31] 



*314. REAL NUMBERS AS RELATIONS. 

Summary of *314. 

In this number we take up the definition of real numbers suggested in 
*310, namely s“G‘® g instead of The series of real numbers is now 

instead of 0^. Everything in this number depends upon 

*310*32. I- fi, v e G‘® g . D : s‘/j, = s‘v . = . /a = v 

Ie consequence of this proposition, s f is a correlation of the two 
sorts of real numbers, and the properties of the relational sort can be 
immediately deduced from the propositions of previous numbers. We define 
addition and multiplication of relational real numbers so as to secure that, if 
p., v are real numbers of our previous sort, the arithmetical sum of s‘fM ana 
s‘v is + a v) and their product is s‘(p. x a v). This is effected by putting 

*314*01. Df 

with a simdar definition for X x r F. The zero of real numbers is now 

0 Q instead of t‘0 g , and the negative of a real number X is X | Cnv. The 

fundamental propositions are 

*314*13. h : /i, v e C‘® g . D . s'p, +r +a v ) 

*314*14. h : fi, v e G‘B g . D . s y x r s‘v = s‘(p, x a v ) 

in virtue of which the arithmetical properties of relational real numbers 
follow at once from those of real numbers as segments. 

Relational real numbers are useful in applying measurement by means of 
real numbers to vector-families, since it is convenient to have real numbers 
of the same type as ratios. 

For some purposes, a somewhat different definition of real numbers as 
relations is more convenient. Instead of deriving our relations from S g , we 
may derive them from %‘H g , i.e. we may consider the relations 
instead of the relations $“G‘G> g . In virtue of *217*43, (s‘H g ) £ (-i‘A-i‘C‘H g ) 
is ordinally similar to 0 g ; hence the requisite properties of s it C i % t H g follow 
at once. 
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*314*01. X + r F *= RS [(gya, v). X = s l fi. Y=s l v .R + a i>)} $] Df 

*314*02. X x r F = i2#S'[(g/i, p ). X = s t p l . F= s‘v . R {s‘(p. x a v)} S] Df 

*314*03. f = (H n )<) ( C<H n -) T { D‘(H n )< -1 ‘A - i‘C<H n ] 

vy (C‘H n ) X (t%) v ( C‘H n v) l (D‘H f - i l A - PC"#) Df 

*314*04. M+ <r N~RS[{Q}i i v).M=s‘J‘iJL.N = s t J‘v.R{s t J‘.(ii+ a v)}S] Df 
*314*05. M.x a N=R8[{'&fj,,v).M = s‘ < ?‘!j,.N=s‘ ( ?‘v.R {s‘J‘(p,x a v)} S] Df 
*314*1. h : g ! X + r F. D . X, Fea“C‘0, [*312*31. (*314*01)] 

*314*11. I-Infinax . 3 : g ! X + r Y. = .X, Fes“C"@ ff [*314*1. *312*34] 
*314*12. I-Infin a x.D:j! Jx r F.s.I, Fes“G‘© p 

*314*13. I- : fi, v e C‘® g .D . s‘p, + r s‘v = s‘(p, + a v) 

Dem. 

I-. *314*1. (*314*01).31 -iR ftp + r s‘v } S. = . 

(gp, <r) . p, <r € G‘@g . s‘fi = s‘p . B*v = s‘<r . R [ s‘(p + a <r)} S ( 1 ) 

I-. (1). *310*32 Of-. Prop 

*314*14. h : /A, v e C ‘® g . D . s'‘p, x r s‘v = s\p, x a v) 

*314*2. h : R e s“(O f © 5 - PPO,). 3 . g ! R £ Rel num [*310*31] 

*314*21. h Infin ax . D : R, S e s“C‘% g . = .R+ r Se s“C l % g . 

= .Rx r S€s“C‘% g 

Dem. 

h . *314*13*14. *312*34 . *313*44 , D 

h : Hp .R,Se s“C ‘® g . D . R + r S t R x r S e s“C‘B g (1) 

h.(l). *314*11*12.31-. Prop 

*314*22. hiff . D . R + r 0 ? = R. R x r % = 0 q 

Dem. 

I-. *314*13*14 . D 

l” I P> 6 C t ^g . D • S f p. + r Og = S f (p. + 0 1 * 05 ) • S*p> X)C Og = S f (/i Xft t Og) . 
[*312*51.*313*43] 3 . s‘p. + r 0 3 = s^ . s‘p, x r 0 3 = 0 g : 3 h . Prop 

*314*23. I-: Infin ax . R e s“C‘® g . 3 . R + r R \ Cnv = 0 ff 
Dem. 

h . *314*13 . D h : p, e C‘0^ . D . + r | Cnv“^ = s' { (fi +«j Cnv 4 V) • 
[*43*421] D . s‘p. + T (s»| Cnv = s 4 (p + a | Cnv £ » 

[*312*52] =0,01-. Prop 


R. & W. III. 
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*314-24. b- R+ r S = S+ r R [*312-41. (*314-01)] 

*314 25. b .Rx r S = Sx r R [*313*45 . (*314*02)] 

*314 26. I-: Infin ax . 3 . (R + r 8) + r T = R + r (8 + r T) 

Dem . 

b . *314'13.3b: Hp . p, o, t e G‘® g . R = s‘p . 8 = shx - T = s‘r , 3 . 

(i2 + r $) + r T = s‘{(p +« O’) + a t} 

[*312-48] =s f {p+ a (<r+ a r)} 

[*31413] =B+ r (S+ r T) (1) 

b. *314-11-21.3 

b : ~ (gp, tr, r) . p, <r, r e G l B g . R = s‘p . S = s‘o . T = s‘r .D . 

(R+ r S)+ r T=k.R+ r (8+ r T) = k (2) 

b . (1) . (2) . 3 b . Prop 

*314-27. b : Infin ax . 3 . {R x r S) x r T= R x r (8 x r T) 

[*31414. *313-46 . *314*12-21] 

*314 28. b : Infin ax . 3 . (R x r S) + r (R x r T) — R x r (S + r T) 

Dem, 

b . *314*13*14.3 b : Hp . p, crre(7 f @ ff . R — s‘p .S = s‘o ,T=s‘r. 3 . 

(R x r $) 4> (R x r T) = s‘(p x 0 O’) + r s‘(p x a r) 
[*314-21*13] =s‘((P X a r)+ a (p x a r)} 

[*313-55] =s‘{pX a (cr+ a T)\ 

[*314-21*14] = s‘p x r s‘(<r + a r) 

[*314*13] = s‘p x r (s‘<r + r s'r) 

[Hp] = Rx r (S+ r T) (1) 

b. *314-21-1112.3 

b . ~ (gp, <r, t) . p, tr, r e . R — S f p. S = . T = s‘r . 3 . 

(. Rx r S)+ r (Rx r T) = A.Rx r (S+ r T) = A (2) 

b . (1). (2) .3b. Prop 

*314-4. b : Infin ax . 3 . ^ e {(?'#„) t (- t‘A - s~mor S g 

[*217*43 . *304-31-282-23 . *307 41 -44-46-25 . (*310-01*011 02 03)] 

*314*41. b . s [ e 1 -* 1 [The proof is analogous to that of *310*32] 

*J$14 42. b : Infin ax . 3 . s>J smor & g [*3144*41] 

*314 5. b :. Infin ax . 3 : 

g!#+„IV r . = .g!Afx„iV'. = . M,N €s“(D‘<i‘H g - i‘A) 
[*312-34 . *313 44 . *314 42 . (*314 04 05)1 

*314*51. b : Infin ax . p,, v e C‘B g . 3 . 

SVv V^ = sVV +« v ). sW = X a v ) 

[*314*42 . (*314*04-05)] 

The properties of M +„N and M x, N result from this proposition exactly 
as those of X + r Y and X x r Y result from *314*1314. 
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Summary of Section B. 

The present Section is concerned with the theory of magnitude, so far 
as this can be developed without measurement. Measurement— i.e. the 
application of ratios and real numbers to magnitudes—will be dealt with in 
Section C; for the present, we shall oonfine ourselves to those properties of 
magnitude which are presupposed in measurement. But throughout this 
Section, measurement is the goal: the hypotheses introduced and the 
propositions proved will be such as are relevant to the possibility of 
measurement. 

We conceive a magnitude as a vector, i.e. as an operation, i.e. as a 
descriptive function in the sense of Thus for example, we shall so 

define our terms, that 1 gramme would not be a magnitude, but the difference 
between 2 grammes and I gramme would be a magnitude, i.e. the relation 
" +1 gramme ” would be a magnitude. On the other hand a centimetre 
and a second will both be magnitudes according to our definition, because 
distances in space and time are vectors. It will be remembered that we 
defined ratios as relations between relations; hence if ratios are to hold 
between magnitudes, magnitudes must be taken as relations. 

We demand of a vector (1) that it shall be a one-one relation, (2) that it 
3hall be capable of indefinite repetition, %.e. that if the vector takes us from 
d to b, there shall always be a point c such that the vector takes us from 
b to c. If R is the vector, the point to which it takes us from a is R‘a ; 
thus the above requisite is expressed by “E! R‘a . D tt L . E ! R*R*a,” i.e . by 
“ D ‘R C (PU.” It will be observed that the points which are Btarting-points 
of the vector form the class (PI2, i.e. the class of possible arguments to R 
considered as a descriptive function, while the points which are the end¬ 
points of the vector form the class D‘jR, i.e. the class of values of R considered 
as a descriptive function. Since DVR C CIVR, we have GVR = G‘R ; thus the 
field ot the Vector consists of all points from which the vector can start. By 
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assuming D'jRCCTft, we exclude magnitudes of kinds which have a definite 
maximum, unless they are circular, like the angles at a point or the distances 
on an elliptic straight line; but, except when they are circular, such 
magnitudes are of little importance. 

According to what has just been said, if R is a vector whose field is a, we 
have 

Re \ -*l . GM2 — a . D‘R C a. 

A relation which fulfils this hypothesis is called a “correspondence” of a, 
because it makes a part of a correspond with a. The class of correspondences 
of a we denote by "cr‘a,” which is the cardinal correlative of “cror'i 3 ,” defined 
in *208. Thus we put 

cr‘a = (!->!) a CD a a D“Cl‘a Df. 

We proceed next to define a vector-family of a.” This we define as an 
existent sub-class of cr'a such that, if R and S are any two members of it, 
R j S = S \ R. We define a class of relations as “ Abelian ” when the relative 
product of any two members of the class is commutative, Le. we put 
Abel =K(R,Se/c.D RtS . R\S = S\R) Df. 

Thus a vector-family of a is an existent Abelian sub-class of cr‘a, Le. writing 
“ fm'a” for “ vector-family of a,” we put 

fm'a = Abel a Cl ex‘cr‘a Df. 

The class of vector-families is then defined as everything which is a vector- 
family of some a, i.e. we put 

FM = s‘ D'fin Df. 

Thus a vector-family is an existent Abelian class of one-one relations 
which all have the same converse domain, and all have their domains 
contained in this common converse domain. If k is a vector-family, the 

common converse domain is which is identical with s‘(I“tf, and will 

be called the “ field ” of the family. Thus we have 

b : k e FM . = . k e Abel. k C 1 —» 1 . <I“* e 1. s‘D“/tC 

A vector-family may be regarded as a kind of magnitude. In order to 
render measurement possible, we require various hypotheses as to the nature 
of the family. Measurement within a given family k is obtained by limiting 
the fields of ratios to k, Le. by considering X £ k where X is a ratio, or « 
where Z is a relational real number of the kind defined in *314. In order 
to make measurement possible, we wish k to be such that, if X is a ratio, 
X £k shall be one-one; again, if R, S, T are members of k, and R has the 
ratio X to S, while S has the ratio Y to T, we wish R to have the ratio 
Ix,F to T, Le. we wish to have 

XIk\ F£acC:(X x,F)U; 
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again, if R has the ratio X to T, and S has the ratio Y to T t we wish R | S 
(which represents the “ sum ” of R and S ) to have the ratio X + „ Y to T, 
i.e. we wish to have 

(X t k'T) | (Ft k‘T) <L(X+ s Y)t k‘T. 

The above and other similar properties will be proved, with suitable 
hypotheses, in Section C ; for the present, we shall proceed with the theory 
of vector-families without explicit regard to measurement. 

The first and most important hypothesis as to a family which we consider 
is the hypothesis that it is “ connected,” i.e. that there is at least one member 
of its field from which we can reach any member of the field by a vector 
belonging to the family or by the converse of a vector belonging to the 
family. Such a member of the field of k we shall call a “ connected point ” 
of tc\ the class of such points will be denoted by “ conx‘/e ” ; the definition is 

—> 4 — 

conxbc ~ a a, (sVa u sVgs = s'CFbc) Df. 

—y 

It will be observed that sbeSx are the points to which there is a vector from 

a, while Pic* a are the points from which there is a vector to a. The definition 
states that these two classes together make up the whole field of the family. 
We define a connected family as one which has at least one connected point, 
ie. we put 

FM conx = FM a ic (g ! conx'/c) Df. 

The properties of connected families are many and important. Among these 
may be mentioned the following: If te is a connected family, the logical 
product of any two different members of k is null, i.e. if P, Q e k . P =|= Q, then 
P a Q= A, or, what comes to the same thing, if P,Qe k, and if we ever have 
P l sc— Q‘x, then P = Q ; if Pe /c, all the powers of P are either members of k 
or the converses of members; if P,Qe/c, then P\Q is either a member of 
k or the converse of a member. A connected family may not form a group, 
i.e. we do not necessarily have 

P,Qe k . D Pi q . P | Qe/e, 

but we shall show at a later stage (*354) that a group can be derived from a 
connected family tt by merely adding to it the converses of those members of 
fc (if any) whose domains are equal to their converse domains. The result 
of this addition is to give us a connected family which is a group. 

Another important property of a connected family k is that I f s 1 Q. 1( k is 
always a member of it. I is the zero vector. In a connected family, 

every vector except is contained in diversity. For many purposes, 

the class of vectors excluding If s‘Q.“k is important. We therefore put 

Kfl = k — RIG Df. 
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In the study of a vector-family tc, an important derived class of relations 
is the class of all relations of the form R \ 8, where R,Se/e. The operation 
.ft |$ consists of an $-step forward, followed by an i2-step backward; that is 
to say, if R‘8*a exists, it is obtained by moving a distance S forward from a 
to S*a t and then a distance R backward from S*a to R*S*a. The class of 
such relations as R \ S, where R,Se k, we call i.e, we put 

-= s‘(Cnv“/c)!“/c Df. 

The class will have different properties according to the nature of k. We 
may distinguish three cases : 

(1) The field of k may have a first term, i.e. there may be a member of 

s*d**K which is not a member of This case is illustrated, e.g. by a 

family of distances from left to right on the portion of a given line not lying 
to the left of a given point. This given point will then belong to s t d“<e, 
since there are vectors which start from it, but it will not belong to r'D **k^> 
since there are no vectors which end at it except the zero vector. A 
connected point a which belongs to 8*d**K but not to s*J)**k^ is called the 
“initial” point, and a family which has an initial point is called an “initial’ 
family. A family cannot have more than one initial point. Thus we put 

init‘* = t‘(conx‘* — 8*D**k$) Df, 

FM in it = FM r\ d'init Df. 

(2) It may happen that, even if k is not an initial family, none of the 
converses of members of k$ are members of te. (If k is an initial family, this 
must happen.) This case is illustrated by the case of all distances towards 
the right on a straight line. It is also illustrated by the family of vectors of 
the form (+* X) £ C*H, where X e G*H\ In this case, as in (1), it is possible, 
by adding suitable hypotheses, to secure that s*k $ shall be a series. This case 
divides into two, which are illustrated by the above two instances: it may 
happen, as in our first instance, that the domain of a vector is always equal 
to its converse domain, i.e. D**k = d **k ; or it may happen, as in our second 
instance, that the domain is only part of the converse domain. (The domain 
of (+, X)£ C‘H consists of all ratios greater than X.) 

(3) It may happen that k$ contains pairs of vectors which are each 
other’s converses. In this case, it is obvious that s*kq cannot be serial, since 

RjRexg .D . R \ R = I ^ s*Q.**k . R J R C ( s*k g) s , so that {s*K^f is not contained 
in diversity (except in the trivial case k = i*K). 

In considering k 1} we do not at first explicitly introduce any of the above 
possibilities, but it is necessary to bear them in mind in order to realize the 
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purpose of the propositions proved concerning /c t . If L is a member of 

and L = R\S, where R, 8 e k, then if a is a connected point, and L‘a exists, 
it follows that there is a member T of k u Cnv“/c such that L l a = T l a. Tt is 
easy to deduce from this that L=T, hence L e k u Cnv“/c. The same holds 

if L f a exists. Hence if E ! L‘a . v . E ! L‘a, %,e. if a € C‘L, £ is a member of 
k v Cnv“«, Thus if a belongs to the field of every member of we shall 
have k l = tc u Cnv“/c. We say that a family “ has connexity ” (not to be 
confounded with “being connected”) if g ! conx‘/e n p l C ti K i ; thus we put 
FM connex = FM n k (a ! conxbe r\p‘C li K) Df 
and by what has just been said we have 

b : k e FM connex . D . tc t = k u Cnv“/c. 

We also have h : k e FM connex . D . s { k 9 e connex 

and h.Ke FM conx . 3 : k e FM connex . = . s‘tc s e connex. 

It-is these propositions that justify the notation “ FM connex,” 

It is obvious that we shall have g lp < G li K l if D “k = G.“k, unless /c = (.‘A. 

Some illustrations will serve to make clearer the nature of the hypothesis 
g!j o f G li K L . This hypothesis states that there is at least one term a in the 
field of k such that, if R, 5 are any two members of k, we can either take an 
R-step forward from a, followed by an 5-step backward, or we can take an 
5-step forward followed by an R-step backward. Suppose, for example, that 
our family consists of all vectors of the form (+ 0 fi) £ NC induct, where 
/teNC induct. Then if Ris the operation of adding p, and 5is the operation 
of adding v, R|5 is the operation of adding v~ 0 p if > p, and is the 
operation of subtracting p — 0 v if p > v. In the former case R\S e tc, while 
in the latter case 5| R e k. In the former case, if w is any inductive cardinal, 
(R | 5)‘ttr = v —q p + 0 nr ; in the latter case, (51 R)‘m = p — a v + 0 -nr. Thus in 
either case w e C‘(R j 5). Thus the family in question has connexity, and 
= k\j Cnv“/c. 

But now consider the family consisting of all vectors of the form 
(x o/i )£ (NO induct-i‘0), where p eNC induct — i‘0. This is an initial 
family, its initial point being 1 . But it does not have connexity. If 
R = (x 0 p) £ (NC induct — t‘ 0 ) and 5 = (x 0 v) £ (^NC induct — i‘ A), R j 5 is the 
operation of multiplying by v and dividing by p, with its field confined to 
inductive cardinals other than 0. If v is prime to p, this relation has only 
multiples of p in its converse domain and only multiples of v in its domain. 
Hence its field consists of multiples of p together with multiples of v. Thus 
no member of except /JV(I“/e, i.e. (x 0 1)£ (NCinduct — 1‘0), has the 
whole of s‘Q.“/c for its field, and there is no number which belongs to the 
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field of every member of The above family may be usefully borne in 
mind in considering K lt since it affords good illustrations of most of the 
general theorems concerning /c t . 

If k is any family except i‘A, any finite number of members of «, have an 
existent relative product, and their converse domains have an existent 
logical product. If k is a connected family, any two members L, M of «- t 
whose logical product exists, i.e. for which ( 33 /) . L l y = M‘y, are identical, and 
if x, y are any two members of s‘d“/e, there is just one member of * t such 
that x = L l y . If Me/c t and P is a power of M, there is some member L of 
K t such that PQL. But P is not in general itself a member of « t . For the 
application of ratio, the member of k l which contains P is important. We 
call it the “ representative” of P. The general definition of a representative is 

rep K ‘P = s‘( Kl a <F‘P) Df. 

In a connected family, /c t a G‘P cannot have more than one member; hence 
if there is any member of which contains P, that member is rep*‘P, and if 
there is no member of k l which contains P, rep/P = A. 

If P | Q is any member of /c, (where P,Qe k), we shall have 
rep/(P \Qy = P p \Q p ', 
and if L, M e k 1} we shall have 

rep/(P [ M) p = rep* ‘(L p \ M p ) = rep/[(rep/i>) | (rep/TIP)}. 

These two formulae are the most useful in determining representatives. 

In order to apply the above theory to the measurement of vectors, it is 
necessary to distinguish between open and cyclic families. An open family 
is one in which, if Me/c t — RF/, M vo dJ, i.e. one in which no number of 
repetitions of a non-zero member of /c t will bring us back to our starting- 
point. If this condition fails, as in the case of angles, or distances on the 
elliptic straight line, the problem of measurement is more complicated, since, 
if 6 is a measure of an angle, so is 2vtt + 6 for any integral v. The case of 
cyclic families will be considered in Section C; for the present, we proceed 
to consider open families, and we shall still be concerned almost exclusively 
with open families in Section C. It should be observed that in cyclic 
families, as we shall define them, members of return into themselves, 
whereas in open families, not merely no member of /eg, but no member of 
K t — RF/, returns into itself. In most of the families that naturally occur, 
it happens either that no member of k t — R YI returns into itself, or that 
there are members of /eg which do so. But tnere is no logical necessity in 
this, as the following instance shows: Consider the family consisting of 
positive and negative integral multipliers other than — 1, with their fields 
confined to positive and negative integers other than — 1. Then 1 is a 
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connected point of this family, in fact the initial point. Multiplication by 
— 1 is a member of /c t , since it can be obtained by multiplying by any integer 
H and then dividing by — fi. Also the square of multiplication by — 1 is 
contained in identity, and is the zero vector of our family. Hence there is a 
member of k t — RPJ whose square is contained in identity, although no power 
of any member of k g is contained in identity. 

In order to avoid brackets, we put 

K id = OOa Df > 

».e. = K t - RP7. 

Then the definition of open families is 

FM ap = FM « k (s‘Pot“/c ( g C R VJ) Df. 

Hence b k e FM ap . = : * e FM : M e tc^ . Dj*. M po G J. 

It will be observed that if k is an open family, tc t is contained in Rel num id 
(cf. *300), and C Rel num. Hence if M e k t g, M v = M„ (cf. *121), and the 
propositions on intervals in *121 become available. Also if M e ic ld> and 
a e s‘G.“ic, we have 

M £ M%a e Prog . Afpo £ M#a e a>. 

The chief use of these facts is to show that the existence of open families 
implies the axiom of infinity and the existence of K 0 . Hence as applied to 
open families, the theory of ratio undergoes the very great simplification 
which results from the axiom of infinity. 

If k is open and connected, and L. M e k 1} and <r is any inductive cardinal 
other than 0 , we shall have L = M if L a = M* or rep/Z 0 ' = rep/J/ 0, or 
3 ! L" r\ M <T . If p, t are also inductive cardinals other than 0 , we shall 
have rep*‘ 7 p = rep/Tf* if Z pXor = M** 97 , or if rep K f Zr />XoT = rep K f ilf rXcT , or if 
3 ! 2> x ' t r» M"* 97 , We have in fact 

rep/I> = rep/ilf* . = . a ! 1/ r\ M' r 

= . 3 ! L />X,T rt M <rX,,T 

and rep/7f p = rep/Tf 0, . = . M? = M* . = . p = <r. 

On applying the definition of ratio (*303'01), we see from the above 
propositions that, with the above hypothesis, 

M (p/<x) N. = . 3 ! M* n . = . rep** M" = rep/JV'’, 
while if R, T are members of k, 

R(pl<T)S. = .R°~S<>. 

Further, we have, in virtue of the above propositions, 

3 1 L° n M p . a 1 L v r\ JP*. 3 . p, x„ a = v x 0 p, 
whence X, Ye C‘H '. a 1 X j > l3 A « t9 . D . X - F. 

23 
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These propositions, together with 

belong to Section C. They are mentioned here as showing why the 
propositions of this Section are useful in connection with measurement 

We next proceed to consider serial families, which are those in which 
s ( Kg is an existent serial relation. For this purpose we require the definition 
of “ FM connex" already given, and also the definition of "transitive” 
families. We define a as a “transitive point” of k if 

—i —► 

(Piety's* ictfa C s‘icfi‘a t 

i.e. if any point which can be reached from a in two non-null steps can also 
he reached in one non-null step. We define a family as transitive when it 
has at least one transitive point. If k € FM conx, the hypothesis that k is 
transitive is equivalent to the hypothesis that /c g forms a group, and implies 
that k forms a group. We define a serial family as one which is transitive 
and has connexity, i.e. we put 

FM st = FM trs n FM connex Df. 

Then if k e FM st, s‘ac 8 is a serial relation, so that the points of the field of k 
are arranged in a series by means of relations of distance. 

When a family is serial, the vectors also can be arranged in a series, by 
means of a relation which may be regarded as that of greater and less. After 
a short number on initial families (explained above), we proceed to the 
consideration of greater and less (as it may be called) among vectors. We 
may call a point y “ earlier ” than a point z when there is a non-null vector 
which goes from y to z, i.e. when z {s c kq) y. If M,N e /c t , we then say that N 
is " less ” than M if the JV-step from some point x takes us to an earlier 
point than the ilf-step. Writing V K for “greater than” among members of 
k 1} our definition is 

V K = MN {M, Ne Kt i (a x). {M'x) (s‘*g) ( N ( x )} Df. 

For the same relation confined to members of k, we use the notation U K ; 
thus 

U<=V'Ik Df. 

If k e FM conx, we have 

U k = PQ {P,Qe,c:(nT).TeK d .P = T\Q }; 
this is generally the most serviceable formula for U K . 

If ac is a serial family, U K and V K are series ; and if k is an initial family, 
U K is similar to i'/cg. 

The last number in this Section is concerned with the axiom of 
Archimedes and with the existence of sub-multiples of vectors. The axiom 
of Archimedes will be expressed by saying that if a is any member of the 
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field of k, and R is any vector, then R y ‘a, for a sufficiently great finite v, will 
be later than any assigned member of the field of k. In other words, putting 
P = Ctiv‘s‘kq, we wish to have 

xeC‘P.3 z . (a*/). V € NC ind - 1‘0 . xP (R yt a), 
or, what comes to the same thing, 

P“R#‘a = C*P. 

This will hold if k is a serial family and P is semi-DedeHndian (cf. *214). 
If, further, P is compact ( i.e . P 2 = P), then all finite sub-multiples of a given 
vector exist, i.e, 

8 e k . v e NC ind - i‘0 . D . ( 3 Z) .Le k. 8 = L\ 

It will be observed that, according to our definition of ratio, if 8 = L V and 
$4= A, L has to 8 the ratio l/v, so that L is the vth sub-multiple of 8. 

Instead of treating vector-families by the method we have adopted, we 
might have started from a double descriptive function, which we may denote 
by x + y, and concerning which we should make various hypotheses. By the 
general notation of *38, we obtain various relations of the form -*-y or x + . 
These relations may replace the k employed in our method. For convenience 
of notation, we may put 

+‘y = + y -Df, 


+‘x~ %+ Df. 

—► 

Then if + has suitable properties, and 7 is a suitable class, +“7 will be a 
vector family. 

Let us assume that oc + y exists when, and only when, oc and y both 
belong to the class 7 , and that when x and y both belong to the class 7 ,% + y 
also belongs to this class. Then if x + y exists, so does x + y + y ; hence 
D'4 y C (F+ y. Further, by our assumptions, if x,y e 7 , * + y exists, and 
therefore x e Q>+ y. Hence ye 7 . D . (F+ y = 7 . Hence if 7 exists, 


d “+“7 e 1 ■ s ‘ D “+“7 C s ( < 3 “+“ 7 . 

If we now assume y + x-z + x. D x>y . z .y=*z, 
then +“7 Cl->1. Hence we now have 

+“7 e Cl ex‘cr*7. 

In order to obtain the Abelian property, we require 
(x + y) + z = (x + z) + y, 

which holds if + obeys the permutative and associative laws. Thus in this 
case, 


+“y e fmfy 
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In order that +“y may be a connected family, we reauire 

(ga)s e y. : (gy) a = z+ y .v . z = a + y. 

A sufficient, though not a necessary, condition for this is that there should be 
a zero, x.e. 

(fta):zey.O t .z = a + z. 

In. this case, + a is the zero vector, and if a is not the sum two terms other 
than itself, a is the initial point of the family. 

—► 

The condition that if x t y are members of 7 so is x + y secures that +“7 
is a group. Families which are groups we denote by “ FM grp.” 

Thus collecting what has been said, we find that 

—► 

+ <( y e FM conx grp 
if + fulfils the following conditions: 

(1) x+y exists when, and only when, x t ye 7; 

(2) x,y ey . D*,*. +y ey; 

( 3 ) x + y = x + z. D w .y«*; 

(4) x + y = y + x; 

(5) (x + y) + z = x + (y +*); 

( 6 ) (’3 L a)iZ€y.0 z .z = a+z. 

From ( 3 ) and ( 4 ) it follows that the a of (6) is unique, t,e. there cannot be 
more than one zero. 

In order to insure that our family shall have connexity, we require 
further 

(7) x,y€y.0 Xt yi(’3 i z)izey:x + z = y.v.y+z = x; 

(8) in order that our family may be an initial family we require that 

x + y shall only be zero when x and y are zero. 

With this further condition, our family becomes serial. 

The above is only a sketch of one of the simplest ways of generating 
families by means of double descriptive functions. Other ways are possible, 
and by greater complication greater generality can be obtained. 

There are some advantages in the above manner of treatment. First, it 
is possible to take our magnitudes as being the x and y which appear in 
“ x + y,'’ instead of having to take them as the vectors + y or x +. Secondly, 
our vector-family derives unity from the fact of being generated by the 
single operation +. Thirdly, the method is more in agreement with current 
conceptions of quantity than the method we have adopted. The choice 
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between the two methods is a matter of taste; but it would seem that the 
method we have adopted is capable of somewhat greater generality than the 
other, and that it requires less new technical apparatus than the other. We 
have not elsewhere had occasion to treat of double descriptive functions 
which only exist when their arguments belong to assigned classes, though 
it is to be observed that our definitions of various kinds of addition and 
multiplication might quite easily have been so framed as to give this result. 
For instance, we mignt have put 

fi + 0 v = (7«r) {(a«, 0) . fi = N 0 c‘a. p = N 0 c‘/S . w = Nc‘(a + 0)} Df. 

In that case, E!(/i+ 0 v) would have implied fi, veN 0 C, whereas with our 
definition it is only g; I (ji + 0 v) that implies p,, v e N 0 C. The general treatment 
of double functions which only exist in certain cases would require a 
considerable logical apparatus not required elsewhere in our work, and this 
is, for us, a reason against adopting the method of treating vector-families 
which derives them, as in the above sketch, from a single function x + y. 



*330. ELEMENTARY PROPERTIES OF VECTOR-FAMILIES. 

Summary of *330 

In this number, we begin by defining ttoe class of “ correspondences ” of 
a. A “ correspondence ” of a is a one-one relation R which makes every 
member of a correspond to an a, ie. which is such that, if x e a, R‘x always 
exists and is a member of a. Thus, for example, if ya is an inductive number, 
+ 0 fi, with its field limited to inductive numbers, is a correspondence of the 
class of inductive numbers, provided the axiom of infinity holds. (Otherwise, 
(+o A 4 ) t NC induct is not one-one.) The definition of correspondences of 
a is 

*330-01. cr‘a=(l^l)na‘anD“Cl‘a Df 

I.e. a correspondence of a is a one-one relation whose converse domain is 
a and whose domain is contained in a. The definition should be compared 
with the definition of “ cror‘P ” in *208. 

It will be seen that if Re er'a and xea, R*x exists and is an a, and 
therefore R‘R‘x exists and is an a, and so on. Hence all the powers of 
R exist (*330-23). Similarly if R, S, T, ... are any finite number of corre¬ 
spondences of a, R | S\ T\ ... exists. This is proved for two and three factors 
in *330-21-22. 

We define a “ vector-family of a” as an existent Abelian class of 
correspondences of a, where an Abelian class of relations is defined as one 
such that the relative product of any two of its members is commutative. 
Thus we put 

*33002. Abe\ = it(R,SeK.D Bi8 .R\S^S\R) Df 
*330*03. fm‘a= Abel n Cl ex‘cr‘a Df 

*33004. FM = s i D‘fm Df 

It will be remembered that Potid‘P and (for certain kinds of relations) 
finid‘P are Abelian classes of relations (*91'34 and *121"352). If Pel —> 1, 
Potid'P will be a vector-family of C‘P, and if further P p0 GP, finid'P will be 
the same vector-family. 

One other definition belongs to this number, namely 
*330 05. * 4 «s‘(Cnv“#)J“# Df 

This definition has been sufficiently discussed in the summary of the 
present Section. 
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After some preliminary propositions on Cl ex‘cr‘a (* 3301 — 32 ) and on 
K t (* 330 * 4 —' 43 ), we proceed to such properties of families as do not require 
any further hypothesis as to the nature of the family concerned. These 
properties are mainly such as assert the existence of relative products, and 
of logical products of converse domains, or such as assert commutativeness of 
the relative product under certain circumstances. The earlier propositions 
deal with members of k , the later propositions mainly with members of « t . 
The most useful propositions are : 

*330 54. b : «e FM. Q, R e * . E! R‘x . D. E ! R‘Q‘cc 
*330*56. b : k e FM . Q, Rex . E ! R‘a . D . R i Q t a ~ Q l R*a 
*330*61. b : k e FM — i‘i ‘A . L,M e D . 

g ! G.‘L n d‘M . 3 ! D‘Z n d‘M . g ! d‘L r> D ‘M. g ! D ‘L r» DClf 
*330-611. hiKeFM-iH'A.^MeKL.D.R'.LlM 
*330624. b : k e FM — CC A .ie«,.3.A~e Pot 4 ! 

*330*63. b : * e FM . L, M e . E ! L‘x . E ! L‘M‘x. D . L‘M'<x = M ( L*x 
*330*642. b : « e FM - tVA . L, M e ac c . D . [rdo) . E ! L‘x. E ! L‘M*x 
*330-71. b : K e FM . P, Q e k . p eNC ind - CO . E ! P<“x . D . E ! (P j QY‘x 
*330*72. b : ac e FM — i‘i*A . L, M e p f a e NC induct. D . g ! QO n d*M* 
*330*73. b : k e FM .P,Q e k . p eNCind.E!(P [ QY‘x.3 . (P j Qy‘x = b'ty'x 


*33001. cr 4 a = (l^l)n(I 4 ar. D“Cl 4 a Df 

*330*02. Abel = ^(P,^e/c . D B>S . R\8 = 8\R) Df 

*330*03. fm 4 a = Abel n Clex 4 cr 4 a Df 

*33004. FM = s‘D‘fm Df 

*330*05. k 1 = s 4 (Cnv 44 Ac) [ 44 ac Df 


*3301. b : « e Cl ex 4 cr 4 a . ==. * C 1 1. d“ K = Ca . D 44 ac C Cl‘a [(*330*01)] 

*33011. b (ga). k e Cl ex 4 cr 4 a . s : k C 1 —> 1 : (ga) . d“/c- Ca . s 4 D 44 ac C a 
1*330*1] 

*33012. b:*eClex 4 cr 4 a.D.P(I“*=a [*330*1. *53*02] 

*330*13. b : k e Cl ex‘cr 4 a. D . D“ac C ClVCt 44 *. s 4 D“ac C s 4 CT 4 V [*330*1*12] 
*330131. b : (ga) . k e Cl ex 4 cr 4 a. = . k C 1 —» 1. d ft x e 1. s 4 D 44 ac C s 4 G 44 ac 
[*330*11*12] 

*330*14. b : « 6 Cl ex 4 cr 4 a . I) . D“/c C Nc 4 a [*330*1] 
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*33015. h . Cl ex'cr'A = i‘i‘A [*3301] 

*330151. I-: g ! a. * e Cl ex‘cr‘a. D . A~ex [*33014] 

*33016. h (ga) ./c eCl ex^r'a :/c=}= O . e* [*33015151] 

*33017. h : g ! a. x e Cl ex^u-'a. D . D‘Sc C Cl ex‘s‘d“x [*33013151] 

*33018. h :.(ga). x e Cl ex‘cr‘a:x $ i ( AO D“x C Cl exVd“x [*3301517] 

*33019. h . t\I f a) e Cl ex‘cr‘a [*3301] 


*3302. h : x eCl ex‘cr‘a. Pex . g ! D‘M r\ s‘(I“k .,D . a ! R \ M 
Bern. 

h . *330-112 . D h : Hp . D . g I D ‘M n d‘R : D h . Prop 
*330 21. h : k e Cl ex‘cr‘a . x =j= i‘A . R, S e x . D . a ! R 1 8 
Bern. 

h . *330-18 . D h : Hp . D . g ! I)‘S n s‘d“x (1) 

K (1). *330-2 . D h . Prop 

*330-22. h : x e Cl ex‘cr‘a . x 4= t‘A . R, S, Te x . D . g !P1 S\ T 
Bern. 

h . *330-21-18 . D h : Hp . D . g ! D‘(S1 T) n s‘d“x (1) 

h . (1). *330-2 . D h . Prop 

*330*23. h : x e Cl ex‘cr‘a . x 4" l *A ■ P e x . D . A ~ e PotkPP 
Bern. 

h . *330-16 . D h : Hp . D . g ! I[ C'R (1) 

h . *33018 . D h : Hp . P e Potid‘P . g ! P . D . g I D‘P r» g‘d“x . 

[*330-2] D.g!P|P (2) 

h . (1) . (2). Induct. D K Prop 

*330 3. h : x e Cl ex‘cr‘a ./[aex.D.xCs'xl^x 
Bern. 

V . *3301 . D h Hp.D:Pex.D.P=P|/[a:.Dh. Prop 

*33031. h : x e Cl ex'cr'a .Pex.D.P|P = /[ s‘d“x [*3301] 

*330-32. h x e Cl ex‘cr‘a . R, b e x . D : R \ S = / f s‘d“x . = .R = S 
Bern. 

h . *330-31 .Dh:.Hp.D:i2 = S.D.jRl<S = Jr s‘d“x (1) 
h . *3301 . D h : Hp . D . P j P | $ = (D‘P) ] S (2) 

H . (2). D h Hp . D : P | S = I [ s‘d“x . D . P = (D‘P) 1 5. 

[*72-92] D.P=Sfd‘P. 

[*3301] D.P = S (3) 

I- . (1). (3). D h . Prop 
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*330-4. r i M e K t . = . (&R, S).R,Seic.M = R\S [(*330 05)] 

*33041. b . Cnv“/c ( = [*330 - 4] 

*330 42. I- : k e Cl ex‘cr‘a .JfaeAf.D.Acv Cnv“/c C x t 
Dem. 

b . *3301 . *50'5'51. D b: Hp .iJeAc.D.i2 = (/['a)|jR./[‘a6 Cnv“/c (1) 
b. (1). *330-4-41. D b . Prop 

*33043. b : AceClex‘cr‘a. D . J [VCPSe e [*330 31-4] 

*330-5. b ac e Abel. = : R, S e K . D R>S . R \ S = 8 \ R [(*330-02)] 

*33051. h:*e fm‘a . = . /ce Abel r\ Cl ex‘cr‘a [(*330*03)] 

*330 52. b : k e FM . = . (fta) . k e Abel n Cl ex'cr'a. 

= . k e Abel. k C 1 -» 1 . <1“*: e 1. s‘D“* C s‘(I“/c 
[*330-51-131. (*330-04)] 

*330 53. b : * e FM . Q, R e k . E ! R l Q‘x . D . E I Q ( x . E ! R‘x 
Dem. 

b . *330-5. 3 b : Hp . 3 . E ! Q'R'x (1) 

I-. (1) . *30-5 . D b . Prop 

*330 54. b : k e FM .Q. R e k . E! R c x. D . E ! R'Q'x 
Dem. 

b . *330-31-52 . D b : Hp . D . R‘x = R‘Q‘Q‘x (1) 

b . (1). *330*53 . D b . Prop 

*330-541. b:«e FM .Q, Re k .D . Q“T)‘R C DbR [*33054] 

*330*542. b : k eFM . R etc . D . D‘R esect‘s‘« [*330 541. *2ll'l] 

*330-55. b : k e FM-i‘i ‘A . Q, R e k . D . g ! D‘Q n D‘i2. g I Q“D‘i2 
Dem. 

b .*330-54 . D b Hp. D : ® e D *R . D . Q‘xe D‘R: 

[*33*43J D:nlD‘R.D.n!D ( QnD‘R (1) 

b . (1) . *33016 . D b : Hp . D . g ! D‘Q n D‘1Z (2) 

b . *330-11-16 . D b : Hp . D . D‘R C d‘Q . g ! D‘R. 

[*37-43] J . g ! Q“D‘R (3) 

b . (2). (3). D b . Prop 

*330-551. b : Hp *330 55 . D . a ! Q \ R [*330 55 . *37 32] 

R. & W. HI. 
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*330 56. I-: « e FM . Q, R e k . E ! R‘a . 3 . R‘Q‘a = Q‘R‘a 
Bern. 

b. *330-511. 3 b : Hp. 3 . Q‘R‘R‘a = R*Q‘R‘a . 

[*72-24] 3 . Q‘a = R'Q'R'a . 

[*330-31-54] 3 . R‘Q‘a = Q‘R‘a : 3 b . Prop 

*330561. b:*eFM.&7U*.3.i?|QrDCR = <3j5 [*33056] 

*330562. b:*ei f Ar.Q J i2e*.3.i2;QGQ [*330-561] 

*330563. \~: K€ RM.R€k.XCk.O. R>s‘\ G i‘\ [*330562] 

*33057. \-:k€ Abel. R, S e k. v e NC induct. 3 . R^S^ (R\S)\ R\S»= S V \R 


Deni. 

b. *301-2. Dh .R°\S» = (R\S)° .R\S 0 = S 0 \R (1) 

b . *330-5 .*301-21 . 3 b : Hp . 221 S v = S* \ R . 3 . R \ S v +°' = S v +° l \ R (2) 

b.(1). (2). Induct. 3 b : Hp . 3 . R \ S v = S* j R (3) 

b . (3). *301-21. 3 b : Hp . 3 . R»+>' \ S v +^ = R*\&\R\S (4) 

b . (4). *301-21. 3 b : Hp . Rr | & = (R j Sy . 3 . E*'+« 1 j S>+°' = (R j Sy+°' (5) 

b . (1).(5). Induct. 3 b : Hp . 3 . R* j S’ = (i2 j Sy (6) 

b . (3). (6) . 3 b . Prop 

*330 6 . b : k e FM - t V A . L e . 3 . 3 ! L 

Dem. 

b . *33016-4 . 3 b : Hp. 3 . (g(>, J2) . Q, R e k . g ! R . L = E j Q . 


[*330-54] 3 . (gQ, JR, a:) . Q, R e k . E ! R'&x .L = R\Q. 

[*34-41] 3 . g ! Z : 3 b . Prop 

*33061. b : k e FM- Ft‘A . L, M e K t . 3 . 

g ! CFZ n Cl ‘M . g ! D‘Z n (J‘M. g ! d { D n D l M . g ! D‘Z n T>*M 

Dem. 

b . *330-55-4.3 

b : Hp . 3 . ( 3 Q, R, S, T). Q, R, S, Te k . Z = R | Q . M = T \ S . g ! D‘R n D‘ T. 
[*330-54] 

D . (gQ, JR, S,T,x).Q,R,S i T^k.L = R\Q.M = T\S.E\ R'Q'x . E ! T‘S‘x . 
[*34-41] 3 . (g*) . E ! L‘x . E ! M‘x . 

[*33-43] 3 . g ! CFZ n a ( M (1) 

b . ( 1 ). *330-41.3b. Prop 
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*330611. I -zkcFM- i‘i‘k. L, M « . D . g ! L | M [*330 61. *34-3] 

*330 612. h : /c e FM- i‘i ‘A . L, M, Ne . D . g ! d‘L r\ d'M n d‘N 
Dem. 

h . *330-22-4. D 

h:Hp.D.( a P,&P^P^.P,TTc*. 

Z = P|Q.M=P|,8f.^=?|Tr.a!P|PjT. 
[*330-53] D . (gP, Q, P, 3, T, W, x ). P, Q t R, S, T, W e K . 

L = P\Q.M = R\S.N=T\W .E\ P'x. E! R‘w . E ! T'x. 
[*330 54] D . (g®). E ! L‘x . E ! M‘x. E! N‘x : D h . Prop 

*330-613. h : « e FM-i‘i‘k . L, M,K e Kl .D . L\M\N 
Dem. 

V . *330-22-4 . D 

h : Hp. D . (gP, Q, R, S, T, W, x). P, Q,R,S,T } W e * . 

L = P\Q.M = R\S.N=T\W.E\ P‘R‘T‘x. 
[*330-54] D . (gP, Q> R, S,x), P>Q, R> S e k . 

L = P\Q.M^R\S.ElP*R‘(N*x). 

[*330-54j D . (gP, Q). P,Q e k . L= P\Q . E! P\M‘N‘x). 

[*330-54] D . (ga). E ! L'M'N'x : D K Prop 


*330 62. h:*ePJr.Ze* t .S«:K.D.£|Z<*Z|S 
Dem. 

h.*330-561 .DH:Hp.P,QeK.Z = P|Q.D.^|PGP|S. 

[*330-5] D.SiP|QGP|Q|*Sf:DKProp 


*330 621. h « e Pif - tVA . L e Kl . C‘P C s'(1“k . g ! P : 

«€*.D s .i8f|PGP|SO.a!P|Z 

Dem. 

f-. *330-11 . D h Hp . Q, R e * . Z = Q | R . D : 

icP?/. D . (gw, $) . uRx . . ocPy . 

[*341] => . g ! R \ P j Q . 

[*330-5] D . g ! P ( R | Q . 

[*330-561] D.glP|Q|P. 

[Hp] D . g I P 1 Z D I- . Prop 
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*330 622. I-: Hp *330 621 . D . g ! L | P 


Bern. 

h . *33011 . *72-59 . D I-: Hp . Q, R 
[*72-59] 

[*330-621] 

[*330-5] 

[Hp] 


= Q\R.D.PZQ\P\Q. 
D.P\QQQ\P. 
D.a!$|jp| je. 

D . g ! L | P : 0 h . Prop 


*330623. h : * e FM . 8 e * . L e k, .MeVoPL .^.S\M(LM\S 
Bern. 

V . *34-34 *D\-iUt>.S\M<lM\S*0*S\M\LGM\S\L* 
[*330-62] O.S\M\LQM\L\S (1) 

h . (1) . *330 62 . InductOh. Prop 


*330 624. h : * € FM - t‘t‘ A . A e O . A ~ e Pot‘£ 

Bern. 

y . *330-6 . D h : Hp . D . g ! L (1) 

I-. *330-622-623 . D I-: Hp . M e Pot‘£ . g ! M . 3.g ! M \ L (2) 

y . (1). (2). Induct . D y Hp . D : M e Pot‘L .0 M . 3 ! M 3 I-. Prop 


*330-625. y: / ceFM.L,MeK i .Q € ?ot‘(L\M).SeK.3.S\Q<iQ\S 
Bern. 

h. *330-620 h:HpO.S|Z]Jlfe£|Jf|S (1) 

y . *34-34. D 

y:Hp.Re?ot t (L\M).S\RQR\S.O,S\R\L\MQR\S\L\M 
[(!)] CR\L\M\S ( 2 ) 

h.(1). (2). Induct Oh. Prop 

*330-626. y : * e FM - i‘i‘k . if € «< O. A ~ e Pot‘(Z | M) 

Bern. 

h.*330-611. D y : Hp O . g 1A13/ (1) 

y . *330-621-625 O I- : Hp. Qe Pot‘(£ | if). a ! Q O. a ! Q j Z (2) 

h. *330-625. Dh:Hp.QePot^|3/).^ € *0.^|QjiGQ[^|i 

[*330-62] CQ\L\S (3) 

y . (2). (3). *330-621 O h : Hp. Q e Pot‘(L |3f).glQO.g!#|Z13f (4) 
h.(l). (4). Induct Oh. Prop 
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*330627. I-: k e FM - t‘i‘A . L, M € K t . P € Pot ‘M O.glPIZ/.g’PJp 
Dem. 

b . *330 611. D b : Hp. 3. a ! M | L . 3 ! L j M ( 1 ) 

b. *330-623. Db:Hp.Se*0.jS|PjZ-GP|S|Z. 

[*330-62] 3.£|P|ZGP|Z|S ( 2 ) 

b. (2). *330-622. 3b:Hp.a!PjP.D.a!if|P|Z (3) 

b.(l). (3).Induct O brHp.D.a! P\L ( 4 ) 

b . ( 2 ). *330-621. D b : Hp . 3 ! L | P . 3 . 3 ! L \ P | M ( 5 ) 

b . ( 1 ). (5). Induct Ob: Hp . D . 3 ! L | P ( 6 ) 

b . (4). ( 6 ) O b . Prop 


*330 63. b : k e FM. L,M ck^. E ! L‘x . E! L l M*x . D. L f M‘x = M‘L‘x 
Dem. 

b . *330-56 Ob: Hp. Q, R,S,Te * . L = Q\R . M~S\T O. 

Q t R‘S ( T‘x~Q‘S t R t T ( x 
[*330*5] ^S‘Q i T i R i x 

[*330-56.Hp] = S‘T<Q‘R‘x Ob. Prop 

*330-64. b :. FM. L, M e *^0: 

E! L‘x . E I L*M‘x . = . E I M ( x . E ! M‘L‘x [*330 63] 

*330 641. b :. * e FM . L, M e . E! L‘x . E ! M 1 'x O: 

E! UM‘x . s . E ! M‘L‘x . = . DM*a r = M'Vx [*330 63 64] 

*330 642. b : * e FM - Pi ( A . L, M e . 3 . ( 3 ®). E ! P‘a;. E ! L‘M‘x 
Dem. 

b. *330-21. D 

b:Hp.D.(3P,Q,P > i3,«).P ) Q,P ) *Se*.P = P|Q.3/^P|*S.E!P‘P^. 
[*330-53-54] 3. (gP, Q,P,£U).P,(>, P,£e *. L = P J Q. M = R [ S . 

E ! P‘Q‘x . E ! P‘Q‘R‘S‘x Ob. Prop 

*330-643. b : « £ FM . P e «. L e . E! Ux O . P'Vx = L f P ( x [*330 56 5] 

*33065. b : « e FM . Q, R, S, T e k . R ( Q*x = T‘S‘x .D.T‘Q‘x = R‘S‘x 
Dem. 

b . *72 24 O b : Hp O . Q‘x = R‘T‘S‘x 
[*330-56] = PR'S'x . 

[*72 24] D . = R‘S‘x Ob. Prop 
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*330*66. b :. « e FM . Q, R, 8, T e *. E ! R‘Q‘x , E ! T'S'x . 3 : 


Dem. 

I-. *330*56.3 I-: Hp . T‘Q‘x 
[*72*241] 

[*72*241] 

b.(l). *330*65.3 b . Prop 


IPQ'a = T‘S‘x . = . T‘Q‘x = R‘S‘x 


R‘S‘x . 3 . T‘R*Q‘x = R*R‘S*x 
= S‘x. 

3 . R‘Q‘x » ?‘£‘;r (1) 


*330*7. f-: * € FM . P } Q e k . p e NC ind - t‘0 . E ! Q‘(P j Qy~*'‘P‘x . 3 . 

Q'(P\Qy-' u P l x=(p\Qy t x 

Bern. 

h. *330*56. *301 *2.3 

b : Hp . E ! Q‘(P | . 3. Q‘(P \ Q) 0 ‘P‘x = (P | Q) ,( ® (1) 

K*330*56.*301 *21.3 

b Hp : E ! Q‘(P | Qy-^'P'x . 3*. Q‘(P | QY~*‘P‘x = (P | Q>>‘*: 3 : 

E! Q‘(P | QY‘P ‘%. 3. Q'(P j Q^P'a = (P | Qy<Q‘P‘x 
[*330*56.*301*21'j = (P | QV+ (2) 

t-. (1) - (2) . Induct. 3 b . Prop 

*330*71. b : k € FM . P, Q e «. p e NC ind - P0. E ! P^. 3. E ! (P [ QY‘x 
Dem. 

I-. *330*54.3 I-: Hp . E ! P 1 ^ . 3 . E ! (P [ Q) l ‘x (1) 

b . *301*21.3 I-:. Hp : E ! P*‘x . 3* . E ! (P | QY‘x : 3 ; 

E ! P* + ' l ‘x . 3 . E ! (P | QY'P'x . 

[*330*52] 3 . E r Q‘(P | Qy<P‘x . 

[*330*7] 3. E! (P | QY +oU x (2) 

H . (1). (21. Induct. 3 b . Prop 

*330*711. I - : k e FM . Q e s‘Pot“*:. 3 . CPQ = s‘(I“*c 
Dem. 

1-. *330*52.3 h : Hp. P « « . 3 . d‘P = s‘d“ x (1) 

b . *37*322.3 

I-: Hp. P e «. Q « Pot ‘P . d‘Q = s‘d“K . 3 . CP(Q | P) - s‘(I“* (2) 

f~. (1). (2) . Induct. 3 b . Prop 
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#330 72. b : Ke FM — tVA . L,M e k,. p,<r e NC induct. 3 . g ! (Vlf n CI^Af^ 
Dem. 

b . *330*71123. 3 

b:Hp.P > i2«#.D.(aa).E*ii"a.i2"aea*P'. 

[#330 52] 3. (fta). E ! P*‘R*‘a (1) 

b . *330-57.3 b : Hp (1). x = P^R^a . 3. E! P*‘x . E! Rr'x (2) 

b . (2). *330-71.3 

biUp(2).Q,3€K.L = P\Q.M^R\8.^.RlIf f x.ElM^x. 
[*33-43] 3. x € <1*If a C[‘M* (3) 

1 .(1).(3).3b.Prop 

We have “ NC induct ” in the above proposition, nJ '* NCind,” because 
it is necessary to have E ! Z p . E ! Af ff , and by #301*16 this may fail if either 

p or a is null in the type of L and M. The existence of a family does not 

imply the axiom of infinity, since the family may be cyclic. 


*330-73. b : « e FM . P, Q e k . p e NC ind . E ! (P | QY‘x . 3 . 

(PI QY'x = Pt'Qr'x 

Dem. 

b. *330-56.3 b : Hp. E! P'y . 3. Q‘P‘y = P‘Q‘y (1) 

b. (1). 3 b : Hp . Q'h-^x^Pe-^Q'oc . EI P pt y . 3 . Q‘b‘y » P‘Q‘P>>-°i‘y 
[Hp] =sP‘b- tU Q‘y 

[*301-23] ~P>‘Q‘y (2) 

b. (1). (2). Induct. 3 b : Hp. E! P*y . 3. Q‘P»‘y = h'Q'y (3) 

b. *301-23. 3 b : Hp. (P | Qf'x - b'&'x . E! (P [ Qy+' u x . 3. 

(P | Qy+' u x = P‘Q‘P<“Qp‘x 
[(3)3 =bpp‘Q‘Q>‘x 


[*301-23] = pf>+'i<Q P +, u x 

b . (4). Induct .3b. Prop 


( 4 ) 



*331. CONNECTED FAMILIES. 

Summary of *331. 

A “connected point” of a family k is a point of the field of k from which 
every member of the field can be reached by a member of k or the converse 
of a member. That is, if a is a connected point, we are to have 
x e s‘Q.“k . D* . (ftR) . Re k ,x{Rv R) a 
as well as a e s‘Q.“k. This amounts to saying that every member of 
is of the form R*a or R‘a, where Rex. The definition is 

*33101. conx'tf = n a ( s*/c‘a v s f /c*a = s'G" k) Df 

Here we include the factor s'G''* in the definition, in order to exclude 
the case when k = t'A. If were not included, we should have 

conxVA = V, whereas with the above definition conx'i/A = A. 

In the case of any other family, the factor s‘G“/c makes no difference, 

since if s'CP'ye exists, 

—> <— 

she'd u s'/c'a = s f G.“/c . D . a e C‘s 1 k, 

and if ye is a family, Os' ye = s'CPhe. But in the case of t‘A, the factor 
s‘d"ye insures that no connected point exists, thus securing, conversely, that 
a family which has a connected point is not t'A. This is convenient since 
the case of t'A, which is trivial, would often otherwise have to be explicitly 
excluded. 

The definition would be more analogous to the definition of a connected 
relation in *202 if we put 

—> <— 

uonx‘* = n a (s f xfa u s‘/c d ‘a v l‘a = Df. 

But this definition fails to give us the information that there is a member 
of * which relates a to itself, whereas our definition does give this informa¬ 
tion, and hence leads to the proof that I [ s'CP'k e k, i.e. that there is a zero 
vector. 

We say that a family “ is connected ” when it has at least one connected 
point, i.e. we put 

*331*02. FM conx = FM n k (3 ! conx'/e) Df 
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When all points of the field are connected points, the family “ has con- 
nexity ” (cf. *334-27), provided k ={= t‘A. For the present, we only assume 
that at least one of the points of the field is a connected point. To 
take an illustration; the family whose members are of the form 
( x oM)D (NC induct “ t‘0), where e NG induct — t'O, has only one con¬ 
nected point, namely 1. If we had taken positive and negative integers, 
both as multipliers and as constituting the field, we should have had two 
connected pointa, namely 1 aud — 1. 

Almost all our future propositions on vector-families will be confined to 
connected families. In the present number, we prove first that in a connected 
family k , the vector which relates a connected point to itself also relates any 
other member of the field to itself (*331*2), whence it follows that I[ s‘G“/c 
is a member of k (*331-22), and that every other member of k is wholly 
contained in diversity (*33T23), and that * u Cnv“ie C (*33T24). We 
next prove that the product of two members of k is a member of k or of 
Cnv“* (*33T33). We then proceed to consider k 1} and prove at once the 
two fundamental properties of in a connected family, namely (1) that 
between any two members of s'CI"* there is a relation which is a member 
of (*331’4), and (2) that two members of K t whose logical product exists 
are identical (*331*42). From these two propositions it follows that there is 
just one member of fc t which relates any two members of (*331*43). 

Finally we prove that any power of a member of tc is a member of k Cnv“* 
(*331*54), and that any power of a member of is contained in some member 
of (*331*56). 

Stated symbolically, the above propositions are as follows : 

*331*2. b k e FM . a e conx‘* . x e . JR e * . 3 : R*a = . = . R‘x = x 

*331*22. b : k e FM conx . 3 .1 [ s‘Q.“k e k 

*331*23. b : * e FM conx . 3. * C R1‘7 v Rl‘7 

*331*24. b : k e FM conx .D.xu Cnv'V C 

*331*33. b : k e FM conx . 3 . s‘k \“/c C k v Cnv“* 

rt 

*331*4. b : k e FM conx .x,ye . 3 . (gi) . LeK t .x = L‘y 

*331*42. b k e FM conx . L, Me . 3 : g! L a M . = . L = M 
*331*43. b : k e FM conx . x, y e s‘G.“/c . 3 . M (M e K t . xMy) e 1 
*331*54. b : k e FM conx . P e * . 3 . Pot f P C k u Cn v“k 
*331*56. b : * eFM conx . Le Kt . M ePot‘Z. 3 . (gW) .Ne^.MdN 

*33101. conx** = a a (s***a v = $*(F**) Df 
*331*02. FM conx = FM a * (g ! conx'*) Df 

24 
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*3311. I-: a e conx‘* . = . a es'd"* . sSe'ci u sSe'a = s‘d“Ac [(*331*01)] 

*33111. h a econx‘/c .=: a e s f (J ff x:xe s‘GL“/c. D x . (^R).Re k .ac(RwR)a 
[*331*1] 

*331*12. f-: g ! codx‘ac . 3 . ac 4= i‘A [*331*1] 

*33113. I-:. ac e Cl ex‘cr‘a . 3 : a e conx*#: . = . k 4= t‘A . s ( x ( a w sVa = s 1 (±“k 
Lem. 

—y 4 — —► 4 — 

I- . *53*24 .31-: Hp . k 4= i‘A . s Va \j k l K l a — s‘d“* . 3 . g! s Va w s ( Ac‘a . 
[*330*13] 3.aes‘d“* (1) 

h. (1). *331*1*12.3 K Prop 

*331*131. I-:: ac eCl ex‘cr*a . 3 a econx ( Ac. = : k 4 s t‘A : crcs'd^Ac. D x . 

faR).Rcic.x(RvR)a [*331*13] 


*331*14 I-:. \ = tc v Cnv“tc . 3 : 


r Jtc . = . a e s‘ d ,( Ac . s‘\‘a = s‘ d“* 


*331*2. I-:. ac e Fif. a e codx'ac . x e s‘d“* . R e k . 3 : ii'flt = a . = . = cc 

Bern. 

t. *331*11. 3 I-: Hp . 3. ( 3 $). S e k .x(SwS)a ( 1 ) 

I-. *330*5 . 3 I-: Hp . Se k. x = S‘a. R‘a = a . 3. R‘x = S‘R‘a 

[Hp] = S‘a 

[Hp] = # ( 2 ) 

H .*330*56 . 3 h : Hp .Se/c.x = S‘a . R f a = a . 3 . i2‘cr = S‘ll‘a 

[Hp] = S‘a 

[Hp] (3) 

I-. ( 1 ). ( 2 ). (3). 3 I-:. Hp. 3 : R‘a = a. 3 . R l x = x (4) 

Similarly I-Hp. 3 : R‘x = x . 3 . R l a = a (5) 

1-. (4). (5). 3 I-. Prop 

*331*21. I-ac . ae conx‘ a: . .ft e k . 3 : R‘a — a. = . I f$‘d“Ac = R 

Bern. 

f-. *331*2 . 3 I-: Hp . R‘a = a . 3 . / [ s‘d“* = R (1) 

I-. *331*1 . 3 I- : Hp . I T s‘d“* = R . 3 . R‘a = a (2) 

h . (1). (2). 3 h . Prop 

*331*22. t- : ac e FM conx . 3 .1 \ s‘Q“ac e ac 
Bern, 

I- . *331*11.31-: Hp . a e con x‘/c. 3 . (g.R) . Re k . R‘a = a (1) 
I- . (1). *331*21.31-. Prop 
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*331*23. h : k e FM conx . 3 . * C K1‘7 u UVJ 

Dem. 

r . *331 2 21.3l-:Hp..R€*.a!72n7.3.72e7:3l-. Prop 
*331 24. I-: k e FM conx . 3 . * w Cnv f, « C [*330*42 . *331*22] 

*331*25. h : k e FM conx - 1 .3 .3 ! * a RPJ [*331*22*23] 

*331*26. h : k e FM conx — 1,3. s** t s‘v ( ~ e Ki 
Dem. 

1-. *331*22*25. 3 h: Hp . 3 . (;►£«, R, S, x) . R, S e k . aRa . aSx. a 4= x . 
[*7l*172.*41*ll] 3. s*/c ~ e 1 —> 1 . ( 1 ) 

[*331*24] 3 . s*K t ^ e 1 —> 1 (2) 

K(l). ( 2 ). *330*52.31-. Prop 

*331*31, h :. k e FM. a e conx **. x e . P e k . N e . 3 : 

P*a = N*a. = .P*x = N*x 

Dem. 

K *331*11. *330*4.3 

b:K V .D.CzQ,R,S)'Q,R,S€K.x(QuQ)a.N = R\S (1) 

h . *330*5.3 


h:Hp.Q, R,Se*.x=Q‘a.N=R\S.P‘a = N*a. w }.P*x=:Q*R‘S*a 


[*330*56] 

[*330*5] 

[Hp] 

b . *330*56.3 


= R*Q‘S*a 


— R*S*Q‘a 
= N*x 


( 2 ) 


b:Hp.Q,R,SeK.x=:Q*a.N=R\S.P‘a = N‘a.D.P*x=Q‘R‘S*a 


[*330*5] =R‘Q‘S*a 

[*330*56.Hp] = R‘S*Q*a 

[Hp] =N‘x (3) 

b . (1) . (2). (3). 3 b : Hp . P‘a = N*a . 3 . P‘x= N*x (4) 

Similarly V : Hp. P*x = N*x . 3 . P*a = N*a (5) 

y . (4). (5). 3 y . Prop 


*331*32. h.^Wconx.P e *.i7 € ^.3:a!PAl. = .P = i7 
Dem. 

I- .*331*31.3h:: Hp. a econxSt. 3 :.x, y es*d**K . 3 : 

P*x = N‘x.~.P‘a = N*a. = .P‘y = N*y (1) 
y . (1). (*331*02). 3 1-:. Hp. 3 : x,yes*(l**fc . P*x = N*x . 3 . P*y = N*y : 
[*33*45.*72*94] 3 P * N .3. P = N (2) 

K*331-12.*330*16.3l-:.Hp. 3 :P = N.D.&lP*R (3) 

I-. (2). (3). 3 h . Prop 
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*331*321. FM conx . P,Q e k .0 : P * Q . = . P = Q [*331*32*24] 

*331*33. I -: k€ FM conx . 3. 8‘k \“k C ku Cnv“* 


!-. *331*11. 3 b Hp. 3 : ( a a) :P,Qe*. 0 P>Q . faR) . (P'Q'a) (R v R) a (1) 
b . *330*5 . 3 

b:Hp .P,Q,R6K.P‘Q‘a = R‘a.SeK.y = S‘a.0.P‘Q‘y = S‘P‘Q‘a 
[Hp] = S*R‘cl 

[*330*5. Hp] = P'y (2) 

b . *330*56.3 

HsHp.^^PeiK.P'Q'o-P'a.^eiB.y-^a.D.P^y*^^ 

[Hp] = S‘R‘a 

[*330*56.Hp] = R‘y (3) 

b»(2). (3). *331*11.31-: Hp . P,Q,R€k. P t Q‘a = R‘a .D.P\Q = R (4) 

Similarly 1-: Hp .P,Q,R € k. P‘Q‘a = R‘a.3.P\Q = R (5) 

b.(l).(4).(5).3 

h:.Hp.P ) <2eA:.3:(aP):Pe/c:P|Q = P.V.P|Q=P:.3h.Prop 


*331*4. I-: k e FM conx .x,ye 8*0 .“k . 3 . (g L) . L e * t . x = L‘y 
Bern. 

l-.*331*11.31-:Hp.3.(aa,P > 5).P, < S € *.^(Pc;P)a.y(SuS)a (1) 

I-. *330*56.3 b : Hp. R, 8 eK.se — R‘a. y = 8 ( a, 3. x — S‘R f y . 

[*330*4] 3 .('&L).LeKi.x~L*y (2) 

b . *331*24*33.3 

l-:Hp. (3) 

1“. *331*24*33.3 

b : Hp .R,Se/c.x = R*a . y = S‘a. 3. R \ S e *.. x = (R \ S)‘y (4) 

b . *330*4.3 

1-: Hp. R, Se/c .x =*R‘a . y = 8‘a . 3. R | S e . x — (R \ S)‘y (5) 

K(l).(2).(3).(4).(5).3KProp 

*331*41. I -itceFM conx . 3 . «‘* t = | ( 8*0“ k) [*331*4] 

*331*42. bt.Ke FM conx . Z t if e . 3:a!injf. = . £ = if 
Bern . 

1-. *330*6 . *331*12.3b:Hp.Z = if.3.g!ZAif (1) 

1-. *331*4.3 

b-.O v .L<x = M‘x.'E l \L‘y. , S.{'g i N).NeK l .N‘x = y.mL<y. 
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[*330‘G3] 3 . (gJV) .Netc^. N*x = y.Uy = N‘L‘x 

[Hp] ^N'M'x 

[*330-63] = M‘N*x 

[*1312] 3. L t y = M‘y (2) 

Similarly b : Hp. L*x — M*x . E! M f y . 3 . L f y = M*y (3) 

I-. (2). (3). *7135 . 3 I-: Hp. g! Z A M . 3. Z = M (4) 

b . (1). (4). 3 b . Prop 

*331*43. I- : * e FM conx . x, y e s'GP* . 3. $ (M e . xMy) e 1 
Dem. 

I-. *331*4. 3 b : Hp. 3 . (gAf). (M e /c*. xMy) ( 1 ) 

b . *331*42.31-: Hp .L,Metc t . xMy .zLy.I.L^M (2) 

b . (1). (2). 3 b . Prop 


*331-44. b:.*ePAfconx.P,Qe*:.3:a!PAQ. = .P = Q [*331-42*24] 
*331*45. I- i. xeFM conx. L, M, Ne . 3 : 

g \L\M a N. = . ZI M = N ra^(XJ M) 

Dem. 

b.*330-611.3 b:Hp.Z| M^N[d ( (L\M). ^.^\L\MhN (1) 

b.*33063. 3 b : Hp. L t M t x = N*x . E! h t M t y ,XeK t .y = X‘x . 3. 

L'M'y « L‘X‘M‘x . EI L‘M‘x . EI L ( X‘M‘x . E! X‘x . 
[*330-63] 3. L'M'y - X‘L‘M‘x . E ! X*x . 

[Hp] 3. VM<y - X*N‘x . E ! X‘x. 

[*330-63] 3. L‘M‘y = N‘X‘x 

[Hp] - N'y (2) 

b. (2). *331*4.31-: Hp . L‘M f x = N f x . y e d f (L J M ). 3. L i M i y = N l y (3) 
b.(l).(3).3b.Prop 

*331-46. b Hp*331*45.3: M j L - N\d‘{M\L). = .L\M= X[d‘(L | M) 
Dem. 

b. *330-642-63.3b:Hp.Z|if=iV r r d‘(L \ M ). 3 . (g#). M‘L‘x = N l x. 
[*331-45] D.M\L = X[d‘(M\L) (1) 

Similarly b : Hp. M\ L = N \ d‘(M\ Z). 3. L \ M = N r<I‘(Z | M) (2) 

b . (1). (2). 3 b . Prop 

*33147. b:*ePAfconx.Z, M e .{^N). N e k,. L\MQ. N. M\LQ N 

[*331-46-45-4] 

*331*48. b : k e FM . Z e x t . g I conx'/c a G l L .3 . L e k v Cnv“* 

Dem. 

b . *330 41.3b:. Hp. a e con x*/c a C‘L . 3 : L, L e tc t : E ! L‘a . v . E ! Z‘a : 
[*33111] 3 : Z, Z e /c t : (gP) :Ee«w Cnv“* : Ua = P‘a . v. Z‘a = R‘a : 

[*331-24-42] 3 : (gP) : Re/cv Cn v“k : L = R.v ,L~R:. 3b. Prop 
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*331*5. b : * e FM conx . P e * . L e * t . 3 . L\P> P\L e * t 
Dem. 

b. *33133.3 

(-■.Hp.Q.Ee/e.i-QlE.D.^.Se/ewCnv^.ilP^QlS (1) 

b. *330*4.3 b^p^.Se^PIP-QISO.PIPe^ (2) 

I-. *34-2.3 

b:Hp(l)./SeCnv“*.P|P = Q|S.3.( a T).Pe*.Z|P = Cnv‘(r|Q). 
[*331 33] 3. L j P e * v Cnv“* . 

[*332*24] 3 . P | P e * t (3) 

I-. (1). (2). (3) . *330-41.31-. Prop 

*331-61. b: * eFM conx. Pe*. 3. Pot‘PC* 4 [*331*5 . Induct] 

*331*52. I-: k e FM conx . P, Q e k . L e k^'D . P\L\Q e [*331*5] 

*331*53. I-: k € FM conx . P, Qe/c. p, <r e NC induct. 3 . P? j Q* e *, 

[*331*5 . Induct. *331*51. *330*43] 

*331*54. I-: * e FM conx .Pc*. 3 . Pot ‘P C tcv Cnv“* 

Dem. 

b . #330*711.3b: Hp . a e conx** . Q e Pot*P . 3 . E ! Q ( a . 

[*331*11] 3 . (gT) . T e k w Cnv“* . Q<a = T<a . 

[*331*51*42*24] 3. Qe/c v Cnv“* :3b. Prop 

*331*55, b : * e FM conx . P, Q e * t . p e NC induct. 3 . 

(P [ Qy G P> I Qp . P>\ Qp € * t [*330*73 . *331*53] 
*331*56. b : * e FM conx . L e * t . M e Pot‘P . 3 . (g N ). N e * t . G N 
[*331*55 . *330*4] 



*332. ON THE REPRESENTATIVE OF A RELATION IN A FAMILY. 

Summary of #332. 

We saw at the end of the last number (#331*56) that any power of a 
member of is contained in a member of K t . When a relation is contained 
in a member of tc l} we call this member the “representative” of the relation 
in the family. For purposes connected with the application of ratio, the 
“ representative ” is an important function of a relation, especially when the 
relation concerned is a power of a member of By the definition of ratio 
(#303'01), we shall have L(pja)M if g 1 L a r» M? and p Prm tr. Now if L v 
and M* each have a representative, then they must have the same representative 
if g ! If- r\ M p (by #331’42). Hence we are enabled to substitute an equality 
for g ! L a r\ M p in dealing with ratios of members of * t . The elementary 
properties of representatives are dealt with in the present number. 

We denote the representative of P in the family k by “rep/P.” In order 
to insure E l rep K ‘P under all circumstances, we do not define rep/P as the 
only member of >e t which contains P, but as the logical sum of the class of 
members of which contain P, i.e. we put 

*332 01. rep/P = s f (/e l n eP) Df 

4 — 

In a connected family, if P is not null, n GSP cannot have more than 
one member (#332 , 21), and therefore the representative of P, if it is not null, 
must be a member of (#332*22). If P is a member of tc l} it is its own 
representative (#332*241). 

We prove in this number that, if P,Q,R,... have existent representatives, 
the representative of their relative product (unless this product is null) is 
the representative of the relative product of their representatives (*332*37). 
Among other important propositions in this number are the following: 

*332*32. b : k e FM conx . L, M e k, . D . rep/(X | M) = rep K \M j L) 

*332*51. b : k € FM conx . P, Q € k . D . rep/(P | Q) = Q j P 

*332 53. b : k e FM conx . P,Q e k . p e NC induct. D . rep/(P | Qy = P<> | Qf> 

*33261. b : k e FM conx . L e . D . rep^Potid'P C K t 
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*332 8. 

1- : k e FM coax . L, M e ic t . % e 

NC ind . D. 



rep/(P 1 MY = rep/(Pf | M *) 

*332*81. 

h : ac e FM conx .v,<re NC ind 

— fc‘0 . P e ac, . D . 



rep/P" Xc<r =» rep/Orep/P")' 

*33201. 

rep/P = s‘(/c l nG < P) Df 


*3321. 

1-. rep/P = s‘(ac, n G‘P) = {(gP) . Le K t . P G L . xLy } 


[(*332*01)] 


*33211. 

1-: g ! rep/P .3.PG rep/P 

[*332*1] 

*33212. 

h : g ! rep/P . 3 . g ! (* t * cf‘P) [*332*1] 

*33213. 

H . rep/A = s‘ac. 

[*332‘1] 

*332*14. 

h : P G Q . D . rep/Q G rep/P 

[*332*1] 

*33216. 

1-. rep/P = Cnv‘rep/P 


Dem. 




h . *330*41 .DK*. fs%P = Cnv“(* t n G^P) ( 1 ) 

1-. (1). *332*1. D h . Prop 


*332*16. h : * = t‘A . D . rep/P = A [*332*1] 

*332*2. h ac e FM — //A . D : g ! (ac c r» G *P). = . g ! rep/P 
Dem. 

h . *330*6 . D h : Hp . g ! (* t nt^P) . D . g ! (« t nV‘P) - t‘A . 
[*332*1] D . g ! rep/P ( 1 ) 

h . ( 1 ) . *332*12 . D K Prop 

*332*21. I- : ac <■ FM coax . g ! P . 3 . (« t nG'P) eOwl 
Dem. 

V . *331*42 . D h : Hp . L, Me K t .PGL.PGM.D.L = M:^b. Prop 

*332*22. h k e FM coax . g • P ■ 3 : rep/P e ac l . v . rep/P = A 
Dem. 

f- . *332*21 12 . D h ; Hp . g ! rep/P . D . («. n*G‘P) e 1 . 

[*3321] D . rep/P e # 4 : D h . Prop 

*332*23. V tee FM coax . g ! P . D : rep/P e . g ! (# t n^E'P) 

Dem. 

h . *332*22*2 . D h : Hp . rep/P x i . D . (/c t n G f P) = A (1) 

h . *330*6 . D h : Hp . rep/P e ac,. D . g ! rep/P . 

[*332*2] D. g! (*. nG‘P) (2) 

h.(l).(2).Dh. Prop 
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*332*231. I-:./£€ FM conx -1. D : rep K l P e . s . g ! P . g ! (* t r» tF‘P) 

Dew. 

I-. #331*26 . D f Hp . D : rep/P e **. D . rep/P =$= • 

[#332*13] D.P + A (1) 

I-. (1). #332*23 . D I-. Prop 

#332*232; h k e FM conx — 1. D : rep/P e k l . = . g 1 P. g ! rep/P 
[*332*231*2] 


#332*24. h k e FM conx . g ! P. D : L e (*, n G *P). =. g ! rep*‘P. rep/P = L 


Dem. 



1-. *332*21 1. 

D 1-Hp . D : Le # t nG‘P.D . rep/P = P 

(1) 

1-. *332*2. 

D 1-Hp .D;Ie/c, nG'P.D.g! rep/P 

(2) 

1-. *332*22. 

D h Hp . D : g ! rep/P. D. rep/P e K t : 


[*13*12] 

D : g ! rep/P. rep/P= L.D,LeK t 

<— 

(3) 


I-. (3). *332*11. D h Hp. D : g ! rep/P. rep.'P « L . D . L e (# t n G‘P) (4) 
I-. (1) . (2). (4). D f-. Prop 

#332*241. I- : k e FM conx . P e ac 4 . D . P = rep*‘P 
Dem. 

I-. *33224. D h Hp .g!P.D:Pe* t n<Z‘P. = .g! rep*‘P. rep/P = P: 
[Hp] D:rep*‘P = P (1) 

K *330*6. Dh:Hp.^g!P.D./c = pA. 

[*332*13] 3.rep/P=A (2) 

I-. (1). (2). D I-. Prop 

#332-242. h : k e FM conx . g ! P . g ! rep/P . D . rep/P = rep*‘rep/P 
Dem. 

h . *332*22 D h : Hp . D . rep/P e * (1) 

V . (1). *332*241 . D h . Prop 

*332-243. I -nceFM conx . g ! P . P <• / [ . D . rep/P = I f s‘<l“ K 

[*332-24. *330 43] 

*332 244. h :. k e FM conx — 1 . D : 

g ! P . P G 1 1“ . = . rep/P = / \ 8*0.“tc 

Dem. 

I-. *331*26 . *330 43 . D I-Hp . 3 : s'*. + / [ s‘<I“fc : 

[*332*13] D : rep«‘P = /[ s‘d“* . D . g I P (1) 

h. *332*11. DH:.Hp.D:rep/P = /[s‘a“fc.D.P<:/[Va“# (2) 

I-. (1) . (2) . *332-243 . D h . Prop 

K. <fe W. III. 
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*332-25. I-: k e FM conx . a ! P . a ! rep/Q. P G Q . 3 . rep/P = rep/Q 
Pern. 

h . *33211 . 3 I-: Hp . 3 . P G rep/Q (1) 

h . *332-22 . 3 b : Hp . 3 . rep K ‘Q <= * t (2) 

I-. (1). (2). *332-24. 3 h . Prop 

*332 26. I-: * e Pi/ conx . a ! P n Q. g ! rep*‘P. g ! rep/$. 3. 

rep/P = rep/Q = rep/(P A Q) [*332 25] 

*332 27. b : k ePi/conx . g!P . gSrep^Q . g!Q n rep/P. 3 . rep^P = rep/Q 
Dem, 

I-. *332*11 . 3 h : Hp . 3 . Q G rep /Q . 

[Hp] 3 . a ! rep/P r\ rep/Q (1) 

b . *332-22 . 3 h : Hp . 3 . rep/P, rep/Q e tc t (2) 

I- . (1). (2) . *331-42.31-. Prop 
*332*31. I-: k € FM conx . L, Me ic t . 3. rep/(Z | M) e tc t 
[*330-611. *331-47-12 . *332-23] 

*332*32. b : k e FM conx . Z, if e . 3. rep/(Z | M) = rep/(i/ | L ) 

[*330-611. *331-47-12 . *332*24] 

*332*33. L : k e FM conx . rep/P, rep/Q e . g ! P j Q. 3. rep/(P | Q) 

= rep/{(rep/P) j (rep/Q)} = rep/{(rep/P) | Q} = rep/{P [ rep/Qj 

Bern. 

b . *330-6 . *331-12.3 h: Hp .3.g1 rep/P. g ! rep/Q. 

[*33211] 3. P G rep/P. Q G rep/Q. (1) 

[Hp] 3.g'P|re P /Q (2) 

I-. *330 6 . *332-31 . H). 3 

b : Hp. 3 . P | rep/Q G rep/P | rep/Q. g ! rep/{rep/P | rep/Q}. 

[(2).*332-25] 

3 . rep/(P) rep/Q) = rep/{rep/P j rep/Q}. g ! rep* 1 /'P, rep/Q) (3) 
Similarly b : Hp . 3 . rep/{(rep/P) | Q} = rep/{(rep/P) j (rep/Q)} (4) 

h.(l).3 h:Hp.3.P|QGP|rep/Q. 

[Hp.(3).*332-25] 3 . rep/(P \ Q ) - rep/(P | rep/Q) (5) 

b . (3). (4) . (5) . 3 1-. Prop 

*332-34. V : Hp *332-33.3 . rep/(P | Q) e [*332-31-33] 

*332*35. 1-: ac e FM conx . L, M, N e tc t . 3 . 

rep/(Z \M\N) = rep/{Z | rep/(if | N)} = rep/[(rep/(Z j M)) \ N] 
[*330-613. *332-31-33] 

*332-36. b : Hp *332 35.3 . rep/(Z | M | N) e Kl [*332-35-31] 
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*332 37. b : k e FM conx . rep /P, rep/Q, rep/P e« t .g!PjQ|P.D. 

rep K ‘(P | Q | P) = rep/{rep/P | rep/Q j rep/P) 

= rep/[rep K ‘P j rep K ‘R \ rep/Q} 

= rep*‘jrep/Q | rep/P | rep/P} 

Dem. 

b. *332-33. D 

1-: Hp . D. rep/(P | Q | R) = rep.‘{rep/P | rep/(Q j P)) 

[*33,2-333 =rep/jrep lt ‘Pirep/(rep/Q|rep/P)} (1) 

[*33235] = rep/(rep/P|rep/Qjrep/P) (2) 

b. (1) .*332-32 . D 

b : Hp . D . rep/(P| Q | P) = rep/{rep/P | rep/(rep/P | rep/Q)} 

[*332-35] = rep/ jrep/P ] rep/P j rep/Q} (3) 

b.(1). *332-33-32 . D 

I-: Hp . D . rep/(P J Q | R) = rep/ftrep^rep/Q j rep/P)} | rep/PJ 
[*332 35] ^ep/frep/Qlrep/P] rep/P] (4) 

b .(2).(3).(4).Db.Prop 

*332-41. b * e FM conx . L, M, N e *. D: 

rep K ‘(Z J ) = rep/(Z j N ). = . M— N 

Dem. 

I-. *34-34 . D 1-: Hp. rep/(Z | if) = rep/(Z j N ). D. 

Z | rep/(Z j if) = Z | rep/(Z | if). 

[*332'35] D . rep/(Z j Z j if) = rep /(L \L\N). 

[*330*31] D . rep/if = rep/iT. 

[*332*241] D . if = N : D b . Prop 

*332*411. b k $FM conx.L, M, ife/Ci.DirepK^if |Z) = rep/(iV) Z). = .if— if 
[*332-32-41] 

*332*42. b: k e FM conx . Z, M <■ . D . Cav‘rep/(Z j if) = rep^Z) M ) 

[*332-3215] 

*332-43. b * e FM conx . Z, if, * t . I> : 

JV = rep/(Z | if). = . Z = rep/(iV | M ). s . Z - rep^if | JV) . 

= . if = rep/(iT | Z). = . if = rep/(Z [ N ) 

Dem. 

b . *332-35 . *330-41. D 

b : Hp. N= rep/(Z (if). D . re P)C ‘(Z | M \ M) = rep/^ j M). 

[*330-31] D . rep/Z = rep/C^) if) . 

[*332-241] D . Z = rep/(iV' | if). (1) 

[*332-32.*330-41] D. Z-rep^ifl N) (2) 

b . (1) . *330-41 . D b : Hp . Z = rep/(iV j if). D . if = rep/(Z | if) (3) 
b . (1). (2). (3). D b . Prop 
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*332*44. I-* e FM conx . L,M,Ne ac* . D : rep/(£ | M ) — N. =. L | if <Z N 
[*330*6. *332*24-31] 

*332*46. I- i. Hp*332*44. D: rep/(P \M) = N. = . rep «‘(L | M | N) - If s‘(I“/e 
Dem. 

I- *332*36 . D I-Hp. D: rep/(Z | if ) « X . D. rep/(P | if \ N) = rep K W 11) 
[*332*24.*330*31] = J|V(PV (1) 

h . *332*35 . D I-Hp. D: rep/(Z | if | N) = / fa'd"# . D. 

re P«‘[{rep,*(2/1 if)} | if] -1 f s‘d“* . 

[*332*31*43] D . rep/(£ f if) = repair 

[*332*241] - N (2) 

I-. (1). (2) - D h . Prop 

*332*46. FM conx . L, M e 5 : L\M G I. = . L = M 

Dem. 

K*330*43611.*332*243.3 

I-: Hp. L | if G I. D . rep,‘(P | if) = I *‘d“* . 

[*332'43.*330*43] 3 . L = rep/if 

[*332*241 .*330*41] = if (1) 

I-. *71*191 .DI-iHp.Z^^.D.iiifC/ (2) 

f-. (1). (2). 3 b . Prop 

*332 61. I-: * e FM conx . P, Q e k . D . rep/(P | §) = Q | P 
Dem. 

h . *33124 . *332*32 . D I- s Hp. D . rep/(P | Q) = rep/(§ J P) 

[*332 241] = Q | P: D I-. Prop 

*33262. V-.ksFM conx. P > Q > M ) Se t c.1.Tev K ‘(P\Q\R\S) = Q\S\P\R 
Dem. 

I-. *330*613 . *331*12*124 . D h : Hp. D . g ! (P | Q) | (R | S). 

[*332*33*51] D . rep/(P|Q|P|£)= rep/(Q| P| S | R) (1) 

h.*330*561*611.DI-:Hp.3.0SP|^|PCQf^iP|P.a!§|P]^|P (2) 
K *331*52. Dh:Hp.D.Q|S|P|Pe^ (3) 

I-. (1). (2). (3). *332*24. D f- . Prop 
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*332*53. b : * e FM conx . P,Q e k . p e NC induct. 3 . rep/(P j Qy = P? | Qp 
D em. 

I-. *330*624 . 3 I-: Hp . 3 . g ! (P j Qy (1) 

b.*330*73. 3b:Hp.3.(P|Q>’GP'|Q'> (2) 

(-.*331*53. 3b:Hp.3.P*|Qn?«. (3) 

b.(1). (2). (3). *332*24.31-. Prop 

*332*61. I-:*f FM conx . P 6 «<. 3 . rep^Potid'P C 
Dem. 

b . *332*243 . *330*43.3 I-: Hp. 3. rep«‘(I [ OL ) e (1) 

*-. *332*31. 3 b : Hp . M e Pot € L . rep/3f e K t . 3 . rep/{P j rep* *M) e * t (2) 
I-. *330*624. *3 b : Hp . Me VoVL .3.±lL\M (3) 

I-. (2). (3). *332*33. 3 b : Hp (2). 3. rep/(P | M) e *, (4) 

I-. (1). (4). Induct .31-. Prop 

*332*62. h : « e FM conx . A ~ e Pot'P . g X rep/P . 3 . 

rep/‘Pot‘P C rep* a Pot‘rep*‘P 


Dem. 

I-. *332*242 . 3 I-: Hp. 3 . rep/P = rep/rep/P (1) 

(-.*332*22. 3 I-: Hp . 3 . rep/P e *, (2) 

I-. (2). *332*61.3 

H : Hp . Q e Pot ‘P . rep K ‘Q e rep K “Pot‘rep/P . 3 . rep K *Q « /c, (3) 

I-. *91*36 . 3 b: Hp. Qe Pot‘P. 3 .gI P| Q (4) 


I-. (2). (3). (4). *332*33 . 3 I-: Hp (3). 3 . rep/(P [Q)= rep/(rep„‘P | rep/QJ. 
[Hp.*91*36] 3 . rep/(P j Q) e rep/'Pot'rep/P (5) 

b . (1). (5) . Induct .31-. Prop 

*332*63. I-: Hp *332*62.3 . rep*“Pot‘P C 
Dem. 

b . *332*22.3 b: Hp . 3 . rep/P e (1) 

l-.(l). *332*62*61.3 b.. Prop 

*332 64. b : * e FM conx. rep/‘Pot‘P C #.. 3. rep„“Pot‘P C rep,“Pot‘rep /P 
Dem. 

b.*331*26.*332*13.3b:Hp.*~el .3. A~ePot‘P (1) 

b . *330*6. *331*12 . 3 b : Hp . 3. A ~ « rep,“Pot <P (2) 

b .(1). (2). *332*62.3 b : Hp. 1.3. rep*“Pot‘PCre P( “Pot‘rep«‘P (3) 

b . *330*43 . *331*22.3 b : Hp. * «1.3. * 4 « t*(I f* ^Q^k) - * (4) 
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b . (2). (4). *33212 . 3 b : Hp (4 ).D.PC I f s‘d“* . (5) 

[*332*243-13.(4)] 3 . rep/P = I [ 8*0.“* ( 6 ) 

b.(5). *301-3 . 3 b : Hp (4). 3 . Pot‘P = PP . 

[(6).*332-241] 3. rep/‘Pot‘P = Prep/rep/P (7) 

b . (3). (7). 3 b . Prop 

*332-65. h : A ~ <= Pot *P . g ! rep/P. 3. Pot‘P C s‘Rl“Pot‘rep/P 
Dem. 

I-. *33211. 3 b : Hp . 3 . P G rep/P (1) 


b . (1) . 3 b : Hp . Q e PoPP . R e PoPrep/P .QGP.3.QjPGP| rep/P (2) 
b . (1) . (2) . Induct.3b. Prop 

*332*66. b : a ! rep/P. R e PoPrep/P. 3. (gQ). Q e Pot ‘P . Q G R 
[Proof as in *332*65] 

*332*67. b : k e FM conx . A ~ e Pot C P . g ! rep/P . 3 . 

rep/‘PoPrep/P = rep/‘PoPP 


Dem, 

b. *332*242. 3 b : Hp. 3. rep/rep/P = rep/P (1) 

b . *332*66 . 3 b Hp . 3 : R e PoPrep/P. 3 . 3 ! R \ P ( 2 ) 

b . *332-22 . 3 b : Hp . 3 . rep/P e (3) 

b . (3). *332*61.3b:. Hp. 3 : P e Pot'rep/P. 3 . rep/P e (4) 

b . (2). (3). (4). *332*33.3 

b :. Hp . 3 :Re PoPrep/P . 3 . rep/(rep/P | rep/P) = rep/(P | rep/P) (5) 

b . *332*33.3b: Hp . P e PoPrep/P. Q e Pot‘P . rep/P - rep/$. 3 . 

rep/(Q | P) = rep/(rep/P | rep/P) 

[(5)] = rep/(P| rep/P) (6) 

b . (6) . 3 b : Hp . P e PoPrep/P . rep/P e rep/‘Pot‘P . 3 . 

rep/(P | rep/P) <■ rep/‘Pot‘P (7) 
b . (1). (7). Induct. 3 b : Hp . 3 . rep/‘Pot‘rep/P C rep/‘Pot‘P (8) 

b . (8). *332-62.3b. Prop 


*332-71. b : * € FM conx . L, M e K t . 3 . 

rep/‘Pot‘(Z | M) = rep/‘Pot‘rep/(l/1 M) 

Dem. 

b. *330-626. 3 b : Hp . 3. A ~ e PoP(Z | M) (1) 

b . *332-31. *330*6.3 b : Hp. 3 . a ! rep/(Z j M) (2) 

b . (1) . (2) . *332-67.3 b. Prop 
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*332-72. b : Hp *332-71. D . rep„“Pot‘(£ | M ) C [*332-31-61-71] 

*332*73. b : k e FM conx . X, M e te t , D . Pot*(X | M) C s‘Rl“Pot‘rep*‘(X | M ) 
[*332-65-31. *330-626] 


*332-74. Y-.KeFM coax . X, Af e P e Pot‘AT. D. 

rep/(X j P) = rep*‘(P | X) = rep/(X | rep*‘P) 

Dem. 

b . *330-627 . *332-61-33 . D 

Y : Hp. D . rep/(X | P) = rep*‘{X | rep*‘P} (1) 

[*332-61-32] - rep/{rep/P | L) 

[*330-627.*332-61'33] = rep/(P | L) (2) 

b. (1). (2) . D h . Prop 


*332 75. Y i Hp *332-74 . D . g I rep/(X \ P) [*332'7461-31. *330 6 ] 


*332-8. 

Dem. 


b : k e FM conx . X, Af e f e NC ind . D . 

rep^X j Af) f = rep*‘(X* | M £ ) 


Y . *332-243 . ^ 

Y : Hp . £= 0. D . rep*‘(X j My — I [VG“« = rep/(X f | Af f ) (1) 

Y . *301-21. *332-33 . *330 626 . D 

Y : Hp. rep*‘(X | My = rep*‘(Xf 1 Aff). D . 

rep/(X j My +' 1 = rep/{Xf \M*\L\M) 

[*332-37] = rep/{Xf j rep/(Aff | X) | M ] 

[*332-32-33] = rep/{Xf | rep/(X | Aff) j M ) 

[*332-37] = rep K ‘{Xf +a |AP +a } ( 2 ) 

. (1). (2) . Induct. D b. Prop 


*332*81. Y : k e FM conx . v, a e NC ind — P 0 . X e . D . 

rep /X 1 '* 0 * = rep*‘(rep Sir)* 

Dem. 

Y . *301-23 . D Y : Hp . rep/X-*^ = rep/trep/X')'. 0 . 

rep* < X , ' ><,:(<^+ ' !l, = rep^X 1 '*"' j L v ) 

[*332-33] = rep*‘{(rep/X") ff | rep /X*} 

[*301-23] = rep (C ‘(rep/X , ') a+a (1) 

Y . ( 1 ). Induct. D b . Prop 


*33282. b:*<=PAf conx . v e NC ind — t f 0 . L, M e /c,. D . 

rep k ‘(L | M) v = rep*‘[rep*‘(X | M)) v 

Dem. 

b. *332-33 . D Y : Hp . rep*‘(X | M) v = {rep*‘(X | M))* . D . 

rep*‘(X | My*' 1 = rep*‘[{rep/(X | M)) v j rep/(X | A/)] 
[*301-23] = rep*‘{rep*‘(X | Af )}■'+' 1 (1) 

b . (1) . *113-621 . *301-2 . Induct. D b . Prop 



*333. OPEN FAMILIES. 


Summary of *333, 

An “ open ” family is defined as one such that, if L is any member of K t 
which is not contained in identity, then every power of L is contained in 
diversity, i.e. G J . We shall often have occasion, both in this number 
and later, to consider the class K k — Rl‘7, and in later numbers we shall often 
have occasion to consider the class k — RP7. We therefore put 

*33301. * 0 = *-Rl‘/ Df 
*333011. = Df 

Thus consists of all members of which are not contained in identity, 
i.e. (if k is a connected family) all members of except The 

definition of an “ open ” family is 

*333 02. FM ap = FM n £ fs‘Pot“* t3 C R1‘J} Df 

From the point of view of the application of ratio, the hypothesis that 
a family is open is very important. To begin with, it insures (*33318) 
that consists of “numerical” relations (cf. *300), so that if L e K t g, we 
have Pot'Z = fin‘Z (*333T5), and in virtue of *300’491, the existence of 
open families implies the axiom of infinity (*333'19). 

Again, in an open connected family, if L, M are two different members 
of all the powers of L J M are contained in diversity, and therefore the 
representatives of these powers are members of k$ ; that is, we have 

*333 22. h : * e FM ap conx . L, M e K t . L =4= M. D . rep/'Pot^Z [ M) C /e t g 
It follows from this proposition that, with the above hypothesis, if a is 
any inductive cardinal other than 0, L* | M* is not contained in identity, and 
therefore L" 4= M" and rep/7> 4= rep ^M". Hence by transposition we obtain 
the two propositions : 

*33341. f- k e FM ap conx . L,M e x t . a- e NC ind — t‘0 . D : 

rep/Z w = rep K ‘M a . = . L - M 
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*333-42. b Hp *333*41. D : L" = M °. = . L = M 
Hence we obtain 

*333*43. 1-Hp *333*41 .D : g! Ir n M ". = . L = M 

This proposition shows that in an open connected family, no two 
members of K t have the ratio 1/1 unless they are identical. Again it 
follows from *333*41 that if Z pXcT and have the same representative, 

then Z p and M a have the same representative, and vice versa, i.e. 

*333*44. h k e FM ap conx . L, M e . p, <r, r e NC ind — t ‘0 . D : 

rep/Z pXeT = rep K t M rXcT . ~ . rep«‘Z P = rep K *M* 
Hence we obtain two propositions which are vital for the application of 
ratio, namely : 

*333*47. b K€ FM ap conx . L, M e . p, <r e NC ind - t ‘0 . D : 

rep« f i> = rep ^M” . = . 3 ! Z p n M° 
*333*48. h K e FM ap conx . L, M e k, . p, a, t e NC ind — t‘0 . D : 

3 ! Z p n M a . = . ! Z pXcT n M"*' 7 

On comparing this last proposition with the definition of ratio (*303*01), 
it will be seen that, whether p is prime to cr or not, Z has to M the ratio <r/p 
when, and only when, a ! Z p n M", i.e. (by *333*47) when, and only when, 
rep/Z p = rep/Jlf". 

From *333*47 it follows also that, if Me k^, M p and M a will not have the 
same representative unless p = cr (*333*51), i.e. 

*333*51. h k e FM ap conx . Me « l9 . p, a e NC ind. D : 

rep«‘Af p — rep /M" . ~ . p = a 
From this it follows that no member of has any other ratio to itself 
than 1 / 1 . Again, by *333*47*48*51, we have 

*333*53. b : k e FM ap conx . L, M e K tS . rI L* n M p . r \ L* n M? . 5 . 

fi x 0 cr = v x e p 

Hence if Z and M have the two ratios p/<r, fijv, we have p/cr — pfv; that 
is, no two members of k$ have more than one ratio. 

The applications of ratio indicated in this summary will not be made till 
the following Section; they are here mentioned in order to show the utility 
of the propositions of the present number. 


*333 01. k b = k- n\‘I Df 

*333 Oil. x ld = (* t )a Df 

*333 02. FM ap = FM fs £ {s‘Pot“* l6 C R1 <J\ Df 
*333*03. FM ap conx = FM ap n FM conx Df 


25 
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*3331. \-:M€K ld . = .(zP > Q).P t Q€K.M = P\Q.'zlM*J. 

= .M €Ki .^lM^J [(*333-01-Oil)] 

*333*101. h k e FM ap . = : * e FM : M e K ii} . P e Pot l M . f . PQ.J : 

= : « e FM : M c * (9 . 0 M . M vo G J [(*333-02)] 

*33311. \-:K€FM&v.LeK l8 .5.LGJ.L*<iJ.L*L=*k.L$L.nlL 
[*3331-101] 

*33312. h : * e FM ap conx . a! rep/P . g ! P r\ J . D . 

rep/Pe^-Crep^poC J 

Dem. 

t- . *33211 . D h : Hp . D . g ! rep«‘P n J . 

[*332-22.*333-l] D. rep,‘P e * (9 (1) 

h . (1) . *333101 . D h . Prop 

*333*13. h : k e FM ap conx . g ! rep*‘P. g ! P n J . D . P^ G J 
Dem. 

K *33211 . DhtHp.D.PGiep/P (1) 

h . (1) . *332-22.3 t-: Hp . D . a ! (rep/P) kJ.P^G (rep/P)^ . rep,‘Pe . 
[*3331] D . Ppo C (rep/P)^. rep K ‘P e * i3 . 

[*333101] D . P^ G J : D h . Prop 

*33314. h : « e FM ap conx . L, M e k l . L ^ M. D . (L j M ) po G J 
Dem. 

h , *330-626 .. D I-: Hp . D . A ~ e Pot‘(£ | M) (1) 

h . *332-31 . *330-6 . D h : Hp. D . a ! rep«‘(£ | M) (2) 

I-. *332-46 . Transp. D I-: Hp . D . a ! {L \ M) A J (3) 

I-. (1). (2). (3). *333-13 . D h . Prop 
*333*15. h : * e FM ap . L e /c ld . D . Pot'£ = fin‘£ = fluids — i‘L 0 
[*121-501. *33311101] 

*33316. hue FM ap conx . L, M e . L 4= M . D . 

Pot \L | M) = fin *{L | M) = finid‘(Z | M) — t‘(L I M) 0 
[*121-501 . *333 14] 

*33317. h : k e FMap conx . g ! rep/P. jlPn J.D. 

Pot‘P = fin‘P = finid'P - i‘P 0 [*121o01 . *33313] 
*33318. h : * e FM ap . D . C Rel nuui [*333-101. *300 3] 

*33319. h : « e FM ap — Pi l K. 3 . Infin ax [*33318 . *330624 . *300-491] 
*333 2. h : g ! PM ap conx . D . Infin ax [*33319 . *331‘12] 
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*33321. I-: k e FM ap conx .Ze/c^.D. rep„“Pot‘£ C 
Dem. 

Y . *332-61 . D Y : Hp. D. rep.“Pot‘P C (1) 

Y . *333101. *330 624.3 Y Hp. D : A ~ e Pot <L . Pot <L C R1‘J : 

[*332-11.(1)] D : erep/Tot'Z . D . g! Mrs J (2) 

h . (1). (2). *333-1 . D Y . Prop 

*333*22. h : k e FM ap conx . L, M e . L =|= M. D . rep K “Pot (/ L \ M) C /e ld 
Dem. 

t-. *332 71. D h : Hp. D . rep/'Pot^-t | M) = rep/'PoWep.^Z I iH) (1) 
h . *332-4611-232-31. D h : Hp . D . rep,‘(Z j M) e * (0 (2) 

Y . (1). (2) . *333 21 . D h . Prop 

*333*23. h : « e FM ap conx . A ~ e Pot‘P . g ! rep«‘P .glPn/.D, 

rep.“Pot‘P C Ac ( g 

Dem. 

Y. *332-62. D h : Hp. D . rep<“Pot‘P C rep. “Pot‘rep.‘P (1) 

Y . *332-11-22. *3331 . D h : Hp. D. rep.‘P e K id (2) 

I-. (1) . (2). *333-21 . D h . Prop 

*333*24. f*: kcFM conx . A~e Pot‘P. g! rep.‘P.ye NCind . g ! 

(v + 0 1) n i 2 ‘P . D . rep/P' = rep.‘(rep.‘P)'' 


Pm. 

h . *301-2 . *332-243 . D h : Hp . D . rep.'P 0 = I [ s‘ (1“* = rep.‘(rep/P)° (1) 

Y . *332-63 . *330-6 . *30116-22 . D 

h : Hp . D . rep.‘P 1 ', rep.‘P e *. g ! P 1 '*' 1 . (2) 

[*301-21.*332-33] D . rep/P 1 '*' 1 - rep.‘{(rep.‘P v ) j rep/Pl (3) 

I-. (2). (3). D 1-: Hp. rep/P* 1 = rep.‘(rep K <Py . D . 

rep/P"* 01 ~ rep/lrep.^rep/P)" | rep.‘P} . 
rep.‘(rep.‘P)*, rep.‘P e /c, (4) 

Y . (2). *330-624. *301-21. D h : Hp . D . g ! (rep/P)-1 rep/P (5) 

h . (4) . (5) . *332-33 . D h : Hp (4) . D . rep.‘P*^ 1 = rep.‘{(rep/P) 1 ' | rep.‘P} 
[*301-21] = rep (t ‘(rep.‘P) ,/+<:1 (6) 

b - (1). (6). Induct . D I- . Prop 


A hypothesis equivalent to i/eNC ind . g ! (v t- 0 1) £ 2 ‘P is v e CP t y ‘P. 

It is sometimes convenient to substitute this for the other. 

*333*25. h : k e FM conx . L,Me x t .v e NC ind . g ! (y + c 1) n tf-‘L . D . 

rep.‘(A | M) v = rep.‘{rep.‘(Z | M)) v 

1-. *330-626 . *331-12 . D h : Hp . D . A ~ e Pot‘(£ | M) (1) 

I-. *332-31 . *330-6 . D Y : Hp . D . g ! rep.‘(£ | M) (2) 

b . (1). (2). *333-24 . D h . Prop 


Dem . 
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*333-32. h : * e FM conx . L, M e . p, a e d‘( U £ t? l L ). D . g ! | 

Dem. 


h. *330-61 .*301 2, 

.DP: Hp . D . a ! X° j if 0 

(1) 

1-. *330-623. 

Dh:.Hp.D:^e/E.D s .>Sf|Z>|M‘ 7 GZ>|if< 7 |^: 

(2) 

[*330-622] 

DiglX^lif'.D.a! f> +el | M a 

(3) 

t-. (2). *330-621 . 

Dh:.Hp.D:a!Xpjif'.D.a!f>| 

(4) 

h. (1). (3). (4). Induct. Dh. Prop 



*333-33. h : « e FM conx . X, Af*e . cr e d‘(£H t^L ). D. 

rep K ‘(L*\M') = rep K ‘(L\My 

Dem. 

h. *333-32. *332-243. D 

h : Hp . J . rep/(X° | M°) ~I[ s‘Ci“* = rep*‘(X \ M)° (1) 

h . *332-37 . *301-21. D 

h : Hp . D . rep (t ‘(£°’+ cl j M ^ +cl ) = rep/lrep^X* 7 [ if 0- ) | rep/X | rep/ilf} (2) 

h .(2). D h : Hp . rep/(£'| M") = rep*‘(X \M)".D, 

rep/(L' 7 ' + ' 1 1 M <T+el ) = rep/frep^X j My j rep *‘X | rep*‘if} (3) 
h . (3). *333-32 . *332 37 . D 

I-: Hp (3). D . Tep K ‘(L"+" [ = rep*‘{(X \My\L\M\ 

[*301-21] = re P)( ‘(Z j My + " (4) 

h . (1).(4) . Induct. D h . Prop 

*333 34. h : Hp*333*33 . D . rep*‘(X*| .M")= rep*‘{rep/(Z|.Af)}*=rep*‘(ZjIf) 0, 
Dem. 

K *330-626-6. *3323 l.D 

h : Hp . D . A ~ e Pot‘(X j M) . g ! rep*‘(X | M) (1) 

K (1). *333 24 . D h : Hp . D . rep/Jrep^X j M)Y = rep*‘(X | My (2) 
I-. (2) . *333-33 . D h . Prop 


*33341. 


Dem. 


conx . X, M e k, . a e NC ind — t‘0 . D : 

rep/X* 7 = rep/if" 7 . = . X = M 


h . *333-34-22-2 .Dh:Hp.i + if.D. rep^X- 7 ] M")e * (6 . 
[*333‘21-32.*332-33] D . rep/jrep/X* 7 j rep/if 17 } e /c i9 . 

[*332*44.Transp] D . ~ {rep^X 17 | rep*‘if 0- G / f s‘G“/c}. 

[*33215 - 46.Transp] D. rep/X* 7 ^ rep./ilf' 7 (1) 

h . (1) . Transp. D h . Prop 

*333-42. t-:.Hp *333-41 . D : X" = if* 7 . = . X = if [*333*41] 
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*333-43. h :. Hp *33341 .3 : g! If A M* . = . £ = M 
Dem. 

b .*333-21 .*332-26. 3 h : Hp . g ! £' n M" . 3 . rep/£' = rep/^f' . 

[*333-411 3.£ = il/ (1) 

h. (1). *330-624. 3 b. Prop 


*333 44. h « e FM ap conx . L, Me k % . p, a,T <■ NC ind — t/0 . 3 : 

rep/i> Xcr = rep/itf'* 11 ’. = . rep/2> - rep/Af ff 

Dem. 

h. *301-5. *333 24. D 

f- Hp. 3 : rep/i> Xcr = rep/Af trXcr . = . rep/(rep/£ p ) T = rep^rep/ilf 1 ')* 
[*333-41-21] = . rep/2> = rep/ilf'3 h. Prop 

*333*45. h Hp *333 44. 3 : Z>* cr = JT'* cr . 3 . rep/2> = rep/il/' [*333 44] 

*333*46. h Hp *333 44 . 3 : g 1 Z> Xcr A j!f <r *< !r . ^ . rep«*£ p = rep fM* 

Dem. 

h. *33226. *38321.3 

h ; Hp. g 1 £ pXeT i. M ' x * r . 3 . rep/Z> Xcr = rep )C ‘il/ ,rXc, ‘ (1) 

h.(1). *333*44. 3 h. Prop 


*333*47. h :. * « FM ap conx . L, M e *,. p, ae NC ind - t‘0.3 

rep/i/ = rep/if' 

Dem. 

b . *333-46.3 h : Hp . g ! Z> n M ". 3 . rep/2> = rep/J/' 
h. *332-53. *72-92.3 


g ! Z> r> J/' 

( 1 ) 


b : Hp. P, Q,R,Se f c.L~P\Q.M**R\S.O.L? = (P<‘\Q>)\'(I‘D>. 

M" = (Rr rep/Z> = P> | Qr . rep K ‘M* * S' | S' (2) 

h.(2).*35-14.3 

b : Hp (2). rep/Z> - rep/M'. 3.2> n M" - (P p | Q>) f ((Pi> n (P Jf'). 
[*330-72] 3.g!i>Ailf«' (3) 

H . (1). (3). 3 h . Prop 


*333*48. h /c e PJ/ ap conx . £, Me . p, cr, r e NC ind — P0 . 3 : 

a s lp * M a . =. g! 2 > Xct a Jf' XcT 


Dem. 

h. *33346. 3 1“: Hp . a • £ p ^ . 3. rep/£ p = rep/ilP (1) 

I-. *330-624 . *332-61.3 I-: Hp. 3 . A ~ e Pot‘2>. a ! rep/i>. 

[*333-24] 3. rep/ls Xcr = rep/(rep/i>) T (2) 

Similarly h : Hp . 3 . rep/d/'*'*" = rep/(rep/Jf') r (3) 

b . (1). (2) . (3). 3 b : Hp . a ! 2> A M' 7 . 3 . rep/Z> Xcr = rep/ilf'*' 7 . 

[*333-47] 3. a !Z> Xcr nilf' XCr (4) 

1- . *333-46-47 . 3 h : Hp . a 1 £ pXcr A M °' Xc> . 3 . a lls hM a (5) 

h . (4) . (5) . 3 h . Prop 
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*333*49. h : k e FM ap conx . L, Me tc t . p, <7 e NC ind - PO . rep= rep/if". 

D . U p <3‘if" = if" p <3‘£ p • (D‘if") 1 2> = (D‘i>) 1 if" 

Dem. 

I-. *333*21. *330*6 . D h : Hp. D . 3 ! rep/Z" . 

[*332*11] D , Z p G rep/i> . 

[*72*92] D . Z p = (rep/j>) p <3‘Z> ( 1 ) 

Similarly h : Hp . D . if" = (rep/if") f* <3‘if". 

[Hp]* D . if" = (rep/D*) p CFif" ( 2 ) 

h.(1).(2).D t-: Hp. D . Is p a‘if" = (rep/Z>) p (CPZ* n <3‘if") = if" p (HZ* (3) 
Similarly h : Hp . D. (D‘if") ] 2> = (D‘2>) ] if" (4) 

h . (3). (4). D t-. Prop 

*333*6. 1 ~k e FM ap conx . P,Q e k . a e NC ind — t‘0 . D : 

P"= Q" . = . g ! P" n Q" . = . P = Q [*333*42*43 . *331*24] 

*333*61. h k e FM ap conx . M € /c td . p, a € NC ind . D : 

rep*‘if* — rep/if" . = . p = a 

Dem. 

h . *333*47 . D h Hp. rep/if 1 = rep/if". D : g ! if n if": 
[*301*23.*120*412*416] D : p > o*. D . g ! if**-*" A /. 

[*333*101] D. p = er (1) 

Similarly h Hp ( 1 ), D : o->p . D . p = <r ( 2 ) 

h . (1) . (2) . D h . Prop 

*333*62. h Hp *333*51 . D : if* = if" . = . p = cr [*333*51] 

*333*63. I-: * e Pif ap conx . Z, if e 3 ! Z" ^ if p . g ! Z p n if*. D . 

px 0 <r = v x 0 p 

Dem. 

h . *333*48 . *301*16 . D h : Hp . D . g ! />*“' n if**<*. 3 ! Z^ n . 
[*333*47] D . rep*‘Z'* Xc " = rep (C ‘if'* XcP = Tep K i L vXcp . 

[*333*51] D./iX<,<r=i/x 0 p:Df-. Prop 



*334. SERIAL FAMILIES. 


Summary of *334. 

The purpose of the present number is to consider what properties of 
a family k will insure that is serial, or has one or more of the properties 
characteristic of serial relations. Suppose, for example, that k consists of dis¬ 
tances on a line. Then consists of those distances which are members of k 
and are not zero. Any selection of distances on the line may constitute k\ thus 
e.g. k may consist of all distances which are integral multiples of a given distance, 
or of all which are rational multiples of a given distance, or of all distances 
from left to right, or of all distances on the line in either direction. It is 
plain to begin with that if is to be serial, * must not contain equal 
distances in opposite directions, since if it does, will not be contained 

in diversity, i.e. will not be asymmetrical We call a family te asym¬ 
metrical when no member of has a converse which is also a member of 
The definition is 

*334*05. FM asym = FM i\k{k n Cnv“« C R1‘/) Df 

It will be observed that s 1 k^Q.J in any connected family, by *33T23. If 
k e FM asym, we have also (s'ks) 3 G J. 

In order to secure that s ( k s shall be transitive , we require that the field of 
k should contain at least one “transitive point,” where a “transitive point” 
means a point a such that any point which can be reached from a by two 
successive non-zero steps can also be reached by one non-zero step, i.e. such 
that 

—> —* 

C s‘k fa. 

The definition of transitive points is 

*33401. trs'/e = s‘(I“k n a {(^x^s^fa C s'xfa} Df 

Thus if a is a transitive point, and R, Seic$, there is always a member of 

say T, such that R‘S‘a = T*a. It will be seen that if tc is a connected 
family, the existence of a transitive point implies that the family is asym¬ 
metrical. Again, if there is a transitive point in a connected family, then 
R, Se/c s . D . R \SeKfi, by *331’32 ; hence is a group. The converse also 
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holds, i.e. if x g is a group, any member is a transitive point (*334*11). 

Hence if there is any transitive point, every point of is a transitive 

point. 

The definition of a transitive family is 
*334*02. FM trs = FM r* x (g ! trsSr) Df 

By what has just been said, a connected transitive family is one in which x$ 
is a group, i.e, 

*334*13. h x e FM conx . D : x e FM trs . = . 8‘ie d \“x s C ^ 

jj 

A connected family is transitive when, and only when, s‘x d is a transitive 
relation, i.e. 

*334 14. h x e FM conx . D : x e FM trs . = . s‘x$ e trans 

In order to secure that s l x d shall be a connected relation, it is not enough 
that x should be an FM conx, i.e. that should have at least one con¬ 

nected point. We require that every point of s'CP'/e should be a connected 
point. This will be secured if there is a connected point which belongs to 
the field of every member of x t , i.e. if 

g! conxSc r\p l C u x % . 

For suppose a e conx** r\p i G tl x l . Then if L ex t> either Da or Da exists, and 
is of the form R l a or R l a, where Rex. Hence, by *331*32, L is identical 

with R or with R ; hence x t = k u Cnv“/c. Hence by *331*4, s 1 k s e connex. 
Conversely, if xeFM conx and s‘/c 9 e connex, it follows from *33132 that 
« l =*uCnv“/t; hence p i C“x t = s‘(I tt x, and therefore we have glcon x‘xf\p t C ii x l . 
Hence putting 

*33403. FM connex = FM n x (g ! conx *x r> p i C ii x l ) Df 

where 11 FM connex” means “families having connexity,” we have 
*334 26. (-:. k e FM conx . D : * e FM connex . = . s‘x$ e connex . 

= . = k u Cnv“x. = . C“x t = Q“x 

and 

*334*27. H . FM connex = FM r\ x = conxV . x 4 A) 

I.e. a family having connexity is one whose field consists wholly of connected 
points and is not null. 

We thus secure (T) s*x^ G J by the hypothesis x eFM conx, (2) s‘x^ e trans 
by the hypothesis x e FM conx n FM trs, (3) s‘x^ e connex by the hypothesis 
x e FM connex (which implies x e FM conx). Hence we secure sV^eSer by 
the hypothesis x e FM trs r» FM connex. Wlien this hypothesis is fulfilled, 
we call x a “serial” family; thus we put 
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*334 04. FM sr = FM trs r\ FM connex Df 
and we have 

*334 3. h : k e FM sr , D . s 1 k^ e Ser 

*334 31. f -k e FM . I [ s‘G <( /e e k.0:k e FM sr . = . s ( k^ e Ser — t‘A 

An important special case, which is briefly considered in this number, is 
the case when the domains of members of k are the same as their converse 
domains, i.e. when 

D“* = <!“«. 

This case is illustrated, e.g. by the family whose members are all relations of 
the form (+ g X) l C‘H g , where XeG‘H'. It is also illustrated by cyclic 
families, which are considered in the next Section but one. When D 
if k is a family, so is k v Cnv“/t(*334'4), and if k is a connected family, so is 
k u Cnv“/c(*334'41). In the case of the above family, whose members are 
(+ g X) l C l H g where XeC l H', (cvCnv“n will consist of all relations 
Q'Hg where Xi-C‘H g , i.e. it will consist of all additions of positive 
or negative ratios to positive or negative ratios. 

A connected family in which D“* = is a family having con- 

nexity, i.e . 

*334 42. h : tc e FM conx . D u k = CP'*. D . k e FM connex 

The definitions and propositions of this number are much used through¬ 
out the remainder of Part VI. 


*33401. 

^ —* —* 

trs‘/c = s‘G“/c r» a {(s t K^y i s t Kd i a C s‘K S ‘a} 

Df 

*334*02. 

FM trs = FM n k (g ! trs'*) 

Df 

*334 03. 

FM connex = FM n k (g ! conx Sc n p* C u K t ) 

Df 

*334 04. 

FM sr = FM trs n FM connex 

Df 

*33405. 

FM asym = FM r\k{Kr\ Cnv“/t C RP/) 

Df 


*33409. YiiceFM conx . D . s ( K d Q J [*331 23] 

*3341. h :: k e FM .0:.ae trs ‘re . = : 

a e s‘d“ x :R,Sex d .0 RiS . (gT) .Tetc d , R‘S‘a = T‘a [(*334-01)] 
*33411. I- k e FM conx . D : a e trsbc . = . a e sTPSie . s‘/c d C 
Bern. 

I-. *331-33-24. Db:Hp . R, S e * d . R\ S e Kt (1) 

K (1). *331-32. D h : Hp . T e >c d . R<S‘a = T‘a . 1.R\S= T (2) 

f- . (2). *334-1 . Dh::Hp .D:. 

a e trs < k . = : a e s‘(I“*: R, S e /eg . D R s . (gT) . T e . R \ S = T: 

[*13‘195] = : a e s‘( l“/c: R,S e . R | Se :: D h . Prop 

r. & w. m. 
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*33412. h tceFM conx . a t axe s‘(I t{ /c . D : 

a e trsOc . = . x e tisOc . = . s‘tc 9 \ (i tc' 0 C [*33411] 

JJ 

*33413. I -k e FM conx . D : k e FM trs . = . $‘k' 0 |“k 9 C ic d 
[*33412. *331 12. (*33402)] 

*334131. 1-: k € FM conx n FM trs . R e k- 0 . D . Pot‘i2 C K' 0 [*33413. Induct] 

*334132. 1-: tc e FM conx n FM irs . D . C k [*334131] 


*33414 b :, k € FM conx . D : k e FM trs. = . s‘/c d e trans 
Dem. 


I-. *41-51 . *33413. Dl-:. 

Hp . 3 : k e FM trs . D . (s*k^) 2 G 

(1) 

(-.*330-52. Dt-:: 

Hp . 0 :. e trans . D : 


R,8 e . x e s‘Q u « ■ D ASia .. (gT) . T e K R^'x - 

= Tx. 

[*331-31-33-24] 

~^r,s, x' (H^ 1 ) ■ Tgk^.RIS — 

T. 

[*13-195] 

^r.s.x‘ R | 8 e 

(2) 

b. (2). *331-12. Db : : 

Hp . D s ( k% e trans . D : R, 8 e kq . 0 RS . R \ 8 

'eK d z 

[*33413] 

D : k e FM trs 

(3) 

1-. (1). (3). D H . Prop 



*33416. b : k € FM conx i 

"i FM trs . D . s ( k | ( ‘k = k 


Dem. 



(-.*331-321-22. D1- 

Hp . Re k — Kfi.O iR — I [ s‘(I“k : 


[*50-62-63] 

^i8€K.^.R\8,8\ReK 

(1) 

1-. (1). *334-13 . D F 

: Hp . D . s‘k \“k C k 

(2) 

P . *331-22 . *50*62*63. D h 

: Hp . D . k C s ( k ] “k 

(3) 


l-.( 2),(3).Dh.Prop 

*33416. h : k e FM conx r> FM trs. R e K$ .3 . R^GJ [*33413109] 

*334161. (- : k e FMc onx n FM trs . Re tc^. aes‘Q.“tc . D . R%a e N 0 
[*33416. *123191] 

*334162. b : g ! FM conx n FM trs -1 . D . Infin ax [*334161] 

*33417. t-: k e FM conx nl.D.« 9 =A [*33122] 

*33418. I- : k e FMconx - 1 . D . CV* S = s‘G.“tc=s ( (I“ie d . g ! s‘ic d . g ! K d 
Dem. 

b . *331-22-321. D F Hp . 0 : g! : 

[*330 52] D : aes‘Q“ K . Z> . (gi2) . it! e * 9 . a e (KR . 

[*40'4] D .aes‘Q.“* d . (1) 

[*41-45] D.aeCWK;, (2) 

b. (1). (2). *33112. D h. Prop 
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*33419. b : « e FM. D . CV* a C 6 4 (3“* [*41 45 . *330 52] 

*334 2. I- ::.K€ FM . D :: a e p 4 C 44 * t . = L e * t . D z : EI L l a . v . EI L f a 

[*330-52] 

*334*21. I-: * e FM connex . D . * t = * v Cnv 44 * 

Dem. 

t-. *334 2 . *331-11. D b Hp . a e con x‘ic np‘C“fc t . L e * t . D : 

(gi2) :Reic\j Cn v 44 * : L‘a = R l a . v . L ( a = R‘a : 
[*331-42-24] D : (gi?) : R <? * w Cnv 44 * -.L^R.v.l^R (1) 

b.(l). *331*24 Ob. Prop 

*334-22. I-: * e/W connex . D . j/C 44 *^ s 4 Q 44 * [*334'21. *330‘52] 

*334 23. t- : * ei^lf connex .. conx 4 * = s 4 Q 44 * [*334 - 21. *331-4] 

*334*24. b : * e FM connex . D . s‘kq e connex 
Dem. 

I-. *334-21. *331-4 . ^ 

b Hp .x,ye s 4 Q 4 "*. x ^y . D : (gi?) : R e *g : xRy . v . yRx D b . Prop 

*334-25. b : * e FM connex . D . C“* t = <3“* [*334-21 . *330 52] 

*334*251. b : * e FM . * ( = * v Cnv 44 * . D .jt/C 44 ** = s 4 <3 44 * 

Dem. 

b . *40-18 . *33-22 . D b : Hp. 0 .p‘C“ Kk = p‘C“k (1) 

b . (1). *330-52 Ob. Prop 

*334*252. b : * e FM conx . s‘k s e connex . D . * t = * v Cnv 44 * 

Dem. 

b . *4111Ob: Hp .Leic l .x = L*y . D . (gi2) .JJe/cw Cnv 44 *. xRy. 
[*331-42-24] D.IeKoCnv''* (1) 

b . (1). *330-6 . *331-12 Ob. Prop 

*334*253. b : * e .Filf conx . C“/c t = Q 44 * . D . * e FM connex 
Dem. 

b . *330-52 O b : Hp O . p 4 C 44 * = s 4 (I 44 * . 

[*331-1] D . g Sp'C 44 *, n conx 4 * .Ob. Prop 

*334-26. b * e FM conx O : * e FM connex . = . s 4 * 9 e connex . 

= . * t = * v Cnv“* . = . C“k t = <3 44 * [*334-21-24-25-251-252-253] 

*334*27. b . FM connex = FM n * (s 4 G 44 * = conx 4 * . * 4 = i 4 A) 

Dem. 

b , *331-1 O b : * € FM . * 4= t 4 A . s 4 Q 44 * = conx 4 * . D . s 4 *^ e connex. 

[*334*26.(*331-02)] D .* e FM connex (1) 

b. *334-23. (*334-03) Ob: * € FM connex . D . s 4 G 44 * = conx 4 * . * 4= (2) 

KaW2)0»-.Prop 
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*334*3. h : K e FM sr . 3 . s ( k b e Scr 
Dem. 


b . *33409.31-: Hp . 3 . s<K d (iJ 

(1) 

b . *33414.31-: Hp. 3 . s‘k b e trans 

(2) 

h . *334*24,31-: Hp . 3 . s‘k b e connex 

(3) 

b . (1). (2). (3). 3 1-. Prop 



*334*31. t- kcFM . I |VG“« e « . 3 : iceFM sr. = . s'/cgeSer - i‘A 
Dem. 

h . *41*11. J 1-Hp . s‘k b e Ser - i‘A. 3 : 

es‘Q u « . 3^. (gjR) .R e k . x (R o R) y: 
[*33111] 3 : s‘(I“k = conx'* (1) 

H.( 1 ). *334-14-26 . 3 H: Hp (1).D . tee FM irs. k e FM conn ex ( 2 ) 

K (2). *334-3 . *331*12 . 3 h. Prop 

*334*32. f-. .Fif sr C Jfif ap [*33416-21. *333101] 

*334*4 b : k e FM . D “k = d ft K . 3. k u Cn v“k e FM 
Dem. 

b . *33-2-21. 3 h: Hp.3. D“(k w Cnv“*) = <I“(k; v Cnv“«)« d“/c (1) 
h . *330-561.3 I-:. Hp. 3: R, 8 e k . 3. £ | S = £ | R ( 2 ) 

h . (1). (2). *330*52.31-. Prop 

*334*41. H : #c € FM conx . D“k = d“ic . 3 . k \j Cn \ u k e FM conx 
[*334-4. *331 11] 

*334*42. b : k e FM conx . D“« = G“k . 3 . k e FM connex 
Dem. 

b . *37-323.3 h :. Hp . 3: R, S e *. 3 . d*(R | S) = d‘S : 

[*330-4] 3: (7“*c, = Q (< ic (1) 

b . ( 1 ) . *334-26.3 H . Prop 

*334*43. b : k e FM conx n FM trs . D “k = G“« . 3 . k e /ilf sr 
[*334-42. (*334 04)] 

*334-44. b : k e FM conx . D“k = <3“k . X e . 3 . D‘Z « d‘£ = C‘L = s‘<I“k 
Dem. 

I-. *37*323,31-: Hp . R,S ck.O . CP(i21 S) = d*S :3b. Prop 
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*334*45. H : * e FM conx . T) u k — . L,M e . D . (P(Z | M) = 

[*334-44] 

*334-451. H:Hp*33444.SePot t i.D.D < 8f = a^ = ra = « ( a^ [*334:44] 

*334-46. ^:.Hp*334-44.ilf,iV'e/c t .D:a!i)iM r ni\r. = .X|if=iV' 
[*334-45. *33145] 

*334*5. V : k e FM conx n FM asym . D . (s *^) 2 G J 
Dem. 

K *332-46. Dh:Hp.i2,£e#.i2|£6J.D. J R»5. 

[(*33405)] D.^/fVa"* (1) 

I-. ( 1 ). Transp . D h :. Hp . 3 : R, 8 e k 9 . D , ~ (R 1 8 G I). 

[*331-33-23] 3.R\SGJ:.2\-. Prop 



*335. INITIAL FAMILIES. 


Summary of *335. 

A family of vectors may or may not have a point in its field which is a 
starting-point but not an end-point of non-zero vectors. For example, the 
family of which a member is (+* X) £ 0*11', where X e G l H', has such a point 
in its field, namely 0 o ; but the family of which a member is (+ s X ) £ G‘H, 
where X e C‘H', has no such point in its field, and no more has the family of 
which a member is (+ 3 X) £ G t H g , where X e C‘H f . If such a point exists, it 
is a member of but not of s'D'Seg. Such a point, if it is also a con¬ 

nected point, must be unique, i.e. we have 
*33512. h : k e FM . D . conx 4 « — e 0 u 1 

When conx'x —exists, we call its only member “the initial point 
of k” putting 

*335 01. init 4 * = t 4 (conx 4 x — s‘ D 44 «g) Df 

If the initial point of k exists, we call k an “ initial ” family; thus we put 
*335 02. FM init= FM n (Unit Df 

An initial family is asymmetrical (*33516) and transitive (*33518), and 
forms a group (*33517); and if its initial point is a member of p i G* ( K l , it is a 
serial family (*335-3). 

*335 01. init 4 « = t 4 (conx 4 *c - s 4 D 44 * 0 ) Df 
*335 02. FM init = FM n (Finit Df 

*33511. I-: k e FM. a e con x‘k — s 4 D 44 icg . D . s i d it K = s'lc'a. i‘a = s*K*a 
Dem. 

1 - . *41-43 . *33-4 . D I-: Hp. D . P~K d ‘a = A 
I-. *331-23-22 . D h : Hp . D . s‘/c‘a = s‘ictfa v i‘a 
l- . *3311-23-22 . D h : Hp . D . 8 ( <1“k = J? K ‘a v PkVci 
1- ■ (1). (2). (3) . D 1- . Prop 


( 1 ) 

( 2 ) 

(3) 
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*33612. I-: K e FM . D . conx‘« - e 0 w 1 

Dem. 

I-. *33511 . D F : Hp ,a,be conxOc — . D . b e s‘fc*a . 

[*32182] D . a € P^b . 

[*335-11] D . a = 5 : D F . Prop 

*33613. F k e FM . D : E 1 initV . = . g ! conx*‘#e — s‘D“«g 
[*335-12. (*335-01)] 

*33614. I-: k € FM init. = . neFM . g ! conx'x —[*335 13.(*335-02)] 

— > 

*336-16. YitceFM init . Z> . s‘(I“k; = «Vinit‘* [*335-11 .(*335-01)] 

*33616. t-. FM init C FM asym 
Dem. 

F . *335-14. D H k e FM init. D : 

(ga) : a e s‘(I“k : R e k . a e D‘R .D R . Re R1‘7 (1) 
F . *330 52 . D F : k e FM. a e $*Q.“k . R e k r\ Cn v“k . D . a e D‘R (2) 

F . (1) . (2) . D F k e FM init . D : R e k n Cnv 44 * . . R e RP I : 

[(*334'05)] D : k e FM asym D F . Prop 

*33617. F : «e FAfinit. D . $ t K\ t( K = k 

99 

Dem. 

F. *33515 . I> F Hp . D : R, Se k . D . (g!T) . Tea . F^Slnit 4 * = T’lnitOe . 


[*331-24-33-32] 3 .(%T). T e k . R\S=T. 

[*13195] 3.R\Seic (1) 

F . *331-22 . D F : Hp . D . * C s 4 * | “k (2 ) 

F. (1). (2). D F . Prop 

*336-18. F . FM init C FM trs 
Dem. 

F.*3351' 7 . D F k e FM init. D : R, S e kq . D . R j S e k (1) 

F . *334-5 . *335-16 . D F « eFMimt. D : R, Se K d . D . R \ 8 G / (2, 

F . (1). (2 ). *330-551 ,DF:.k eFM init. D : R, S e k s . D . R j 8 e K d (3) 

F . (3). *334-13 . D F . Prop 

*33619. F k eFM init. D : tceFM connex . = . init 4 « ep'C 44 ^ 

[*334-23 . (*334-03 . *335-02-01)] 


*336-21. F : « * FAf init. D . s<K d e trans . (s‘* d y G J [*335-1816 . *334145] 
*335 22 F iceFM init. D : e connex . = . C“ic t = G 4 0c . = .init0c ep‘C“« t 

[*334-26. *335-19] 
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*336*23. I-* e FM init n FM connex . L e * t9 . D : 

init** e D i L . = . init** ^ e d‘L 

Dem. 

b . *335*19 . D b Hp. D : init** eD‘Z . v . init'* ed‘L (1) 

b . *334*21 . D I-: Hp. D . L e * a v Cnv“* a (2) 

I-. *335*11 . D b Hp . D : L e * a . D . bit** ~ e D ‘L: 

L e Cnv“* a . D . init** ~ e (I *L (3) 

t-. (2).(3). 3 h Hp. D : init**~eD ‘L.v. init'*~ e d‘L (4) 

I-. (1). (4). *5*17 . D h . Prop 

*336*24. t-* e FM init n FM connex . R,8 e k . R^S: 

.R'init** e D*/S. = . $*init** ~ e D*22 

Dem. 

1 -. *71*162. D t-Hp. Z>: £*init** e D*S. = . init** e d‘(S \ R ). 
[*333*1.*335*23] = . init'* ~ e D‘(S | R). 

[*71*162] = . jS*init**~eD*.R:. D b . Prop 

*336*26. b k e FM init. D :: s** a e connex . = 

R,SeK.D RS ; T)‘R C D*S. v. D*& C D‘i£ 

= :.a,fte D*** . 3.,/j :«C^.v.^C« 

Dem. 

b . *202*135 . D b:: Hp . s** a e connex . D s‘k e connex 
[*211*6.*330*542] D R, 8 e * . D : D*£ C D*S . v . D*£ C D <R (1) 

b . *71*162 . D b : Hp . i£*init** e D*£. Z). init** e d ( (R | 8 ) (2) 

b . *71*162 . D b : Hp. £*init** e D‘i2. D . init** e D*(S | S) (3) 

b . (2),. (3). D b Hp . R, S e * : D*i2 C D‘S . v . D*£ C D*R: D . 

init** e C‘(R | 8 ) (4) 

b . (4). *330*4 . D b :: Hp R, S e * . D* s : T>‘R C D*S. v . D‘£ C D*flD . 

init** ep*C"** t . 

[*335*22] D. s** a e connex (5) 

b. (1). (5). *37*63. Db, Prop 

*336*26. b : * e FM init n FM connex .D.Dfxel-*! 

Dem. 

b . *33*43 . Z> b : Hp . R, S e * . i2‘init‘* ~ e D*£. Z>. D*i? + J)‘S (1) 

b . *335*24 . Z> b : Hp . R, S e * . R 4= S . £*init** e D‘S . D . £*init** ~ e D*E . 

[*33*43] D.D*i2 + D*5 (2) 

b . (1) . (2) . D b : Hp . R,SeK.R^S.O. D‘R =f= D*$ Ob, Prop 
*336*3. b : « eFM. init** ep i C* t K l . D . s‘* a e Ser [*335*21*22] 



*336. THE SERIES OE VECTORS. 


Summary of *336. 

In this number we consider a relation between members of k or of 
which, with suitable limitations as to the nature of the family, may he 
identified with the relation of greater and less. If there is a member of k 
which takes us from a point ^toa point y, i.e. if y ($**$) z, we say that z is an 
earlier point than y\ thus we regard s*k^ as the relation of later to earlier. 
If now M and N are two members of k 1} and if, for some x, M‘x is later than 
N*x> we shall say that M is “ greater ” than N with respect to k. This 
relation we denote by V K , where “ F” is intended to suggest that the relation 
holds between vectors . The definition is : 

*336-01. V K = MN [M, Ne Kl : ( a *). (M*x) (s‘* a ) (tf *«)} Df 

For the same relation when confined to members of k , we use the notation 
U K ; thus we put 

*336011. U k =V k \,k Df 

In dealing with F« and U K it is desirable to be able to express M ( x as a 
function of M. We wish to consider (say) a fixed origin a, and the various 
points R ( a, S ( a , T‘a, ... to which the various vectors which are members of k 
carry us from a. For this purpose we put 
R ( a = A a ‘R, 

where u A ” stands for “ argument,” and “ A a ‘R ” may be read “ the vaiue, 
for the argument a, of R” The definition is 

A a = $R (xRa) Df, 

whence we obtain 

*336101. I- : E ! R‘a . D . R‘a ~ A a ‘R 

Then the points R*a,S‘a, T‘a, ..., where R t S,T, ... are the various members 

of k , form the class A a lt K, which is thus the same class as The relation 

A a [ k correlates the point R { a with the vector R. The vector R is analogous 
to the coordinate of R‘a when a is the origin ; thus A a f tc is analogous to 
the relation of a point to its coordinate. A relation which is more exactly 
that of a point to its coordinate will be explained in Section C, where, in 
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addition to the above correlator A a f tc, we shall also correlate a vector with 
its numerical measure in terms of an assigned unit. 

If k is a connected family, and a is any point of its field, A a f k, is a one- 
one relation (*336*2). If tc is an initial family, and a is its initial point, 
A a [“/c is a correlator of and tc (*336*21), so that in an initial family 

the class of vectors is similar to the field (*336*22). If tc is a connected 
family, and a is any point of the field, and X is those members L of for 
which L*a exists, then A a [“ X correlates the field with X, so that X is similar 
to the field (*336*24). 

By the definition of A a> if M e* t and M‘a exists, we have 
M‘a = A a ‘M = A a [ ic t ‘M . 

Hence by the definition of V K , 

b : MV k N . = . (g;a). (A a [ tcfM) (s‘tc$) (A a f tc t ‘N) . 

= . (aa).IH’(#c l 'l AJs'k^N, by *150*41. 

Similarly b : P U K Q . = . (ga) . P (k A Js ‘#cg) Q. 

Now in a connected family, if a and b are any two members of the field, and 
P,Qe tc, 

(P‘a) (s‘*c 0 ) (£?‘a) • = • (P*b) ( Q‘b) (*336'38); 

hence k 'j Ajs'k^ — k '| A^k^, 

and hence U K = tc AJs‘tc$ (*336*43). 

Since tc 'j A a is one-one (by *336*2), the above gives an ordinal correlation of 
U K with (sbcft) t A a ‘‘k (*336*461), i.e. U K is ordinally similar to s‘tc d with its 
field confined to those points which can be reached from a by vectors which 
are members of tc. If k is an initial family, it follows that JJ K is similar to 
6*‘*5 (*336*44) ; if not, U K is in general only similar to a segment of (in 
the sense of *213). 

It should be observed that K t “] A a ‘x is the member of *c t which takes us 
from a to x, and *1 A a ‘x (if it exists) is the member of tc which takes us from 
a to x. Thus k 1 A a ’s*Kfi is the series of vectors which take us from a to all 
the various points which can be reached from a by members of tc , the order 
of the series being that of the points to which the various vectors take us 
from a. 

If k is a connected family, U K is the relation which holds between two 
members of tc when one of them is the relative product of the other and a 
third (other than the zero vector), i.e. 

*336*41. huefi/conx.3. U K = PQ [P,Q e tc: (%T). TeK ? .P=T\Q\ 



SECTION B] THE SERIES OF VECTORS 395 

This is lor many purposes the most convenient formula for U K . If, in 
addition, we have D“k = (I“k, a similar formula holds for V K> i.e . 

*336 54. h : k e FM conx . D“*c — . D . 

V K = MN {M, N e K^i (gT). Te K h . M= T\N] 
If k e FM conx, V K is contained in diversity (*336*6); if k is also transitive, 
V K is transitive (336'61) ; and if k has connexity, so has V K (*336‘62). Hence 
if k is a serial family, V K and U K are serial (*336'63’64). 

In addition to the above-mentioned propositions, the tollowing propo¬ 
sitions in this number are important : 

*336411. b :. k e FM conx . s‘k j C k . D : PU K Q . R e k . D . (P j R) U K (Q [ R) 
*336-511. b :. K6FM sr . i/eNC ind —1‘0 O : RU K S . = . frU'S* 

*336-53. b * e FM conx . M, Ne k< . D : MV K N . = . NV K M 

The present number is important, since V K and U K are the genera] 
relations from which greater and less among magnitudes are derived, and 
the subject of magnitude is therefore intimately dependent upon them. 


*33601. 

V K = M {M,NeK t : (a®) . (M‘x) (s‘K d ) (N‘x)} 

Df 

*336011. 

II 

rr 

* 

Df 

*33602. 

A a — $R (xRa) 

Df 

*3361. 

b : xA a R . = . xRa [(*336*02)] 


*336101. 

b:E! R i a.?.R i a = A a i R [*3361] 


*33611. 

b : x ( A a f " k) R . = . Re k . xRa [*3361] 



*33612. b .s‘K‘a = A a “K = D‘(A a \'K) 

Dem, 

b . *4111 Ob. pK l a = & {(fti?). Re k . xRa] 

[*336-1] =£ {(gi£) . Re fc.xA a R) Ob. Prop 

*33613. b.D'4«r*Ca‘D“# 

Dem. 

b . *33612 . *3315 Ob. D *A a [ k C Wk Ob. Prop 

*33614. b : /c C 1 —> Cls 0.4,f*el-* Cls 

Dem. 

b . *336*11 . D b : x (A a [ ic) R . y (A a f k) R O . Re k . xRa . yRa (1) 
b . (1). *71 - 17 . D b : Hp . Hp (l) .D .x = y (2) 

b. (2). *7117 Ob. Prop 
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*33615. 

Dem . 

h : k C cr‘a. a e a O . G‘(j4. 0 [ k) = k 



h . *336'11O h : Re G‘( A a [“«). = . (g ®). Re /c.xRa 
h.(l). (*330-01) Oh. Prop 

(1) 

*33616. 

h : a e conxV . = . a e s‘G“*. A a “(/c v/ Cnv“/c) = a‘G“/c 


Dem. 

h. *3311. *33612 0 



h : a e conx‘/c . = .ae s‘G“/c. A a ft K w A a lt 0wf ii K = s*G“/c 
h.(l). *37-22 Oh. Prop 

(1) 

*33617. 

Dem. 

h : k e FM conx r\ FM trs - 1 . P = = P#‘a 

h . *3341418 O h : Hp O. %‘a = P‘a w I f s'a'Va 
[*331-22-23] = £Va 

[*336-12] = 3 (-.Prop 


*336-2. 

h : k e FM conx . a e s‘G“/c O . A a [ e 1 —* 1 



Dem. 


h. *336*14. D h : Hp . D. Aa [ e 1 -> Cls (1) 

1". *33611 O h : Hp . x(A a [ K t ) L . x (A a [ /c t ) M O. L t M e k^. xLa . xMa. 
[*331-42] = M (2) 

1-. (1). (2). 3 1“. Prop 

*336 21. I - : k € FM . a = init'/c. D. A a [“ k e (s‘G“ k) im k 
Dem. 

(-.*336-2. Z>h:HpOO a r#el-*l (1) 

h . *33515 . *336-12 O h : Hp O . f k = s‘d“ K (2) 

(-.*336 15. 3(-:Hp.D.aM a ^ = /c (3) 

I- . (1). (2). (3). Z> h . Prop 


*336-22. h : k e FM init. D . (s‘a“*) sra k [*336 21] 

*336*23. I-: k e FM conx . a e s‘G“/c. X — tc t n L (a e d ( L) . D . 

A a T X e (a‘G“/e) sm X 

Dem. ' 

H.*336-2. DhiHp.D.^fXel—*1 (i) 

I-. *336-11 Oh: Hp . D . f X) = £ {(gZ). L e X. xLa} 

[Hp] =£{(g L).Le Kl .xLa] 

[*331-4] =^a“/c (2) 

h . *336-11 O h : Hp . D . d‘(A a fX) = L {(g®). L e X. xLa} 

[Hp] =X 

h .(1). (2). (3) Oh. Prop 


( 3 ) 
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*336'24. h : Hp *336 23 . D . (a‘d“«) sin X [*336'23] 

*336 25. h : k e FM conx . a, b e 8 *(I“k . X = n L (a e CPZ). 

/x =n if (5 e d‘lf). D . X sm/x. [*336 24] 

*336*26. h : k e FM. a e conx'/c. X = k w Cnv“jR (ReK.ae T)‘R). D . 

fXe(s‘(I“/c) sm X [*336 23 . *331'48] 

*336-3. h:.*Cl-*Cls.D:E(tf] AJP) S.-.^SeK. (R‘a) P (S‘a) 

Bern, 

V . *15011. D h : R (k 1 AjP) S . ~ . (g#,i/) .R.Se/c. xA a R. yA a S .xPy. 

[*336‘1] = .fax,y).R,SeK .xRa.ySa.xPy (1) 

h. (1). *71-36. Dh. Prop 

*336*31. h : k e FM conx . a e s‘<1“k . D . C D‘(* ] AJs‘ic d ) 

Dem. 

V. *336-3. D 

h :. Hp . D : R e D‘(k] AJs<K d ). = . (g$, T). R,Setc. Te k$ . R‘a = TO'a (1) 
h . *331*22 . D h : Hp .Re k^.D.R e k^.I[ s‘<1“k etc.R‘a = R\I f s‘(I“/c)‘a. 
[(1)] D . Re D‘(*] AJg<ic d ) : D h . Prop 

*336*311. h : ac € jPif conx — 1 . a e s‘d“Af . D . I f s‘Q.“te e d‘(/r] AJPk^) 

Dem. 

V . *336-3 . D 

h j. Hp . D : Sed‘(«ll a S«‘* 3 ). = . (g R, T). R.Se k . Te K d . R‘a=T‘S‘a : 
[*331 -22j D : 1 f s‘d“Ac e d‘(* 11 a ^) . = . (gfi, T) . Re k.T e K d . R‘a = T‘a. 
[*330-52] ' =-g!« 0 (1) 

I-. (1). *334-18. Dh. Prop 

*336-312. I -iKeFM conx - 1.3. <7‘(/c] = « [*336-31-311] 

*336313. V : k e FM conx n FMasym . a e s‘d“Ac . D . D‘(ac ] AJsScg) = K d 
Dem. 

b . *336*3 . D 

h Hp . D : 7f s‘d“*e D‘(* 1 A^s ( K d ) . = . (g$, T). Se k.T e tc d .a= T‘S‘a (1) 

h . (1) . *334-5 . Dh:Hp.D./J‘.5 t a“«~eD t (/cli ; ^0) ( 2 ) 

h . (2). *336-31 . D h . Prop 
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#33632. b : k e FM . a e conx'/c. \ = « n R (a e T)‘R) . D . 

C‘1(k w Cnv“>c) ] Aj&KQ] = «w Cnv“\ 

Bern. 

b . *33616 . *334*18 O b : Hp O. C"s‘k 0 = (I‘(/c w Cnv“«) ] A a . 

[*150-23] D . 0‘{(/c w Cnv“/c) ] AJs'kq] = D‘(/c v/ Cnv“*c) ] A a 

[*336*15-11] = kv R {(ga) . R e Cnv“/c. ajfta} 

[Hp] s/tu Cnv“X Ob. Prop 

*336*34. b : k e FM. a = init‘« . D . (k ] J. o >6-‘/e 0 ) smor (s‘/c 0 ) 

Dem. 

•b .*336*21 O b : Hp O . *1 Jf a e 1 -»1. d‘* 1 A a = CV* 0 Ob. Prop 

*336*35. b : k e FM. a € conx‘/c. D. [(« u Cnv“/c) ] AJFkq} smor (s‘ k 0 ) 
[*336-2-16] 

*336*351. b : k e FM conx . a e s'CFOc. D . (/c ] Aj^tcfi) smor (s‘/c 0 ) £ 

Dem. 

b. *336*2. Db:HpO.«l£,el-»l (1) 

b . *150*37 . D b : Hp . D . « ] Ajs*K d = k j \ A a i(s‘ic d ) t A“k (2) 
b . (1) . (2) O b . Prop 

*336 36. b :. k € FM conx . L, M e k, . a,b e d‘L n d‘M. T e k O : 

L‘a = T‘M‘a . = .L‘b= T‘M‘b : Da = T‘M‘a . = .L‘b = T‘M‘b 


b . *13*12 0 b Hp . Ne Kl . a = N‘b O : Da=T‘M‘a. = .DN*b = PMWb. 
[*330-63] = . N‘Db = 1V‘T‘M‘b . 

[*71-56] =.L‘b = T t M‘b (1) 

b . (1). *331-4 O b Hp O : Da = T‘M‘a .= .Db = T‘M‘b (2) 

b . *71-362 . Db:.HpO:i‘a = T‘M‘a . = . M‘a= T‘Da . 

>J»] = . M ( b = T*L*b . 

[*71*362] = .Z‘&=T‘Jf‘& (3) 

b . (2). (3) O b . Prop 


*336 37. b k e FM conx . L, M e k, . a,b e d‘L n d‘M . D : 

{Da) (s‘te d ) (M‘a). = . ( Db ) (s'k^) (M‘b) 

Dem. 

b . *336 36 . D 

b :. Hp O : (gT).T e k- 0 . Z‘a = 2 7 ‘J/‘a . = .(rT).T e . Db= VM*b :.Db.Prop 
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*336 371 b k e FM conx . L. M e * L . a e (I ‘L o CI‘ M . D : 

L V K M . e . (//«) (P* 3 ) {M‘a) [*336*37 . (*336*01)] 
*336*38. h k e FM conx . P,Q e k . a,b e s‘Q.“k . D : 

(P‘a) (s‘K d ) (Q‘a). = . (P‘6) (S‘* 3 ) (Q‘6) [*336*37 . *331 24] 

*336*4. h : k e FM conx . a e s'CP'/c .3.77* = PQ [P, Q e k . (P‘a) (P*-) (Q‘«)} 
Dem. 

h . *336*38 . 3 

h Hp . D : 6 e s‘<3“/c. (P‘6) (s‘/e 3 ) ( Q‘b ) .-.be s‘<J tf ic . (P‘a) (P/c 3 ) (Q‘a): 
[*10*11*281.Hp] D : (g6). 6 e s‘d“*. (P‘6)(P* a ) (Q‘6). == . (P‘a)(i‘* 6 )(Q‘a) (1) 
b.(l). (*336*011). Dh. Prop 

*336*41. h : * ePif conx . D . U K = PQ\P,Q e tc : (gP) . P € . P= P ] Q} 

Dem. 

h.*41*11.Db:Hp.ae^a“/c.P 1 Q e «.Pe/c 0 .P = PiQ.^.(P‘a)(P*a)(Q‘a) (1) 
h .*41*11.3 h : Hp . a e s‘<3“* . (P‘a) (Pk 3 ) (Q‘a). D -(gP). Pe * e . P‘a= . 
[*331*32*33*24] D.(gP).Pe. P= P| Q (2) 

h . (1). (2). *336*4.3 h . Prop 

*336*411. h:./cePifconx.s‘«;i“/cC«.D:PP JC Q.Pe«.D.(PiP)P )C (QiP) 
[*336*41] 

*336*412. I-: Hp *336*411 . P, Q, R e k . (P | R) U K (Q \ R ). D . P P«Q 
Dem. 

h . *336*41 . D h : Hp . D . (gP) . Pe k 3 . P| P = P| Q | P . 

[*330*5] D.(gP).Pe/c 0 .P|P|P = P|P| T\Q 

[*330*31] D.(gP).Pe* 5 .P=PjQ. 

[*336*41] D . PU k Q Oh. Prop 

*336*413. h Hp*336*411 . P, Q, R e * . D : PU K Q . = . (P | R) U K (Q | R) 
[*336*411*412] 

*336*4? h: * e FM conx . a ep‘D t( K . D. V K = Z3P [X, 3f e * t . (Z‘a)(P* 3 )(3Pa)j 
Dem. 

h . *330*54 . D h :. Hp . L, M e k, . D : a € (FZ n (PM : 

[*3a6*37] D : (Z‘6) (s‘« 0 ) (3P6). D . (Z‘a) (*«* 6 ) (3/‘a): 

[(*336*01)] 3 : LV K M. D. (Z‘a) («‘* 3 ) (3f‘a) (1) 

I-. (1). (*336*01). D h . Prop 

*336*43. h : k e P3f conx . a e s‘(1“k . D . 77* = k ] 

Dem. 

h . *336*4*101. D h : Hp . D . U K = P§ {P, Q e *. (^ a ‘P) (s‘* 3 ) C4«‘Q)} 
[*35-7] = P§ {(A a r K‘P) (*‘* fl ) {A a r 

[*150*41.*336*2] = *1 : D h . Prop 
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*33644. h : k e FM init. D . U K smor {s‘/c d ) 

Dem. 

V . *336*41. D h : Hp . a = init‘/c. D . U K = k ] AJPkq (1) 

h . *336-21. D h : Hp . a = init ‘k . D . * 1 A a e 1 -> 1 . <3‘(/c ] A a ) = (2) 

h. (1). (2). *33419.3 h. Prop 

*336*45. h : tc e FM . a e conx‘/c .\ = tc r\ R(a e D'fi /. D . 

V K l (k w Cnv“\) = (/cu Cnv“«r)] 4 ft !«‘ic 0 

Bern. 

h.*41-11 .(*336-01). D 
I-. (i). *336-36.D h::Hp.D:. 

^{F K t(«^Cnv“\)}Q. = :P,Q€«uCnv»\:( a T).T6/c a .P f a = P^a: 
[*14-21 .Hp] =-.P,Qskv Cnv“« : (gP) . T e * 3 . P‘a = P‘Q‘a: 

[*41-11] =:P,Q6kv Cnv“* . (P‘a)(s‘* 0 ) (Q‘a) : 

[*336-3] e:P((ku Cnv“/e)]Q:: D h . Prop 

*336 46. h : Hp *336 45 . D . F* £ (/c u Cnv“\) smor ( s‘tc d ) [*336*45*2*16] 

*336 461. h : k e FM conx . a e s‘d“/c. D . U K smor (s‘ic d ) t (4 a “/c) 

[*336-351-43] 

*336*462. h:« e FM conx n FM trs. a e s‘(L“ic . P = s‘kq . D . £7* smor (P£ P*‘a) 
[*33G461 17. *33417] 

*33647. h : * e FM conx . D . « a C D‘ £7, [*336'31 -43] 

*336 471. h : «e FM conx -1. D . * = C‘U K [*336*312*43] 

*336472. V : k e FM conx n FM asym . D . k 0 = D‘ £/« [*336"313-43] 

*336 51. h :. « e PAf &r . P, S e k . v e NC ind — i‘0 . D : 

(R‘a) ( s‘/c d ) (S‘a) . = . (R*‘a) («‘* 0 ) (£-‘a) 

Dem. 

V . *333-42 . *334-32 . *330 57 . *33142 . D 

1“Hp . D : P € « 5 . R‘a = P‘£‘a . D . R v ‘a= T yt 8 yt a . 

[*334-131] D . (R y ‘a) (s<K d ) (8 yt a) (1) 

h . (1). *41-11 . 3 h Hp . D : (iPa) («‘* 0 ) (£‘a) . D . (i2-‘a) («‘« 0 ) (S^a) (2) 

K(2) l;s- 3^-Hp.3:(S'o)(i‘* 8 )(B‘o).D.(S-o)(«‘« 0 )(iJ'‘o) (3) 

H. *331-42. Dh:. Hp .!■. R‘a = S‘a .5 . R-‘a = S~‘a (4) 

h .(3) .(4). *334-3. D 

h :. Hp . D : ~ {(R‘a) (s<* d ) ($*a)} . D . ~ K JF‘a) (S'* 0 ) (S^a)} 
h . (2). (5). D h . Prop 


( 5 ) 
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*336-511. h :.k € FM sr . v eNCind- i‘0 O : RU K S . = . R?U K & [*336*51*4] 
*336-52. h:.«e FM conx . Q,R,8 t TeK . xe (P(Q j R) n <I‘(S | P). D : 

(Q\R)V K (S\T) . = . (S‘R‘x) (** a ) {tyT { x) 

Dem. 

h.*336-371 . D 

H Hp. Z) : (Q\R) V K (S \ T) . = . (gP) ,Pe« 0 . Q‘R‘x = P‘S‘T<x (l) 

h . *330 56 O h Hp. P€ * 9 . D : Q'P'a = P‘S‘T‘x . = . = SfPWx.. 

[*71-362] = .R‘x = Q‘S‘P‘T‘x. 

[*330-54-56] = .R‘x = £‘Q‘P‘2\e. 

[*71-362.*330-5-] = . S‘R‘x= P‘Q‘T‘x (2) 

1“ ■ (1) ■ (2) ■ D h:.Hp O: (Q | P) F K ($ j P). = . (gP). Pe/c 3 . S‘R‘x = P^jPx . 
[*41*11] s . (S‘R‘x)(s‘K d )(Q‘r‘x):.D h. Prop 


*336-53. h * e FM conx . if, N e * t . D : if F K P. = . NV K M 
Dem. 

h . *330-5-54. D 

h :Hp. Q,P, S, Pe/c. M = Q\R.N=S\T.aes‘(I“ l c.x = Q‘R‘S‘T‘a.'D. 

E! M c x . E ! N‘x . E! M‘x . E ! N‘x (1) 
K (1). *336-52 . D h Hp (1). D : MV,N. = .(S'R'x) (P* a ) (Q‘P‘a). 

[*330-5] = . (R‘S*a;) (Pk 9 ) (Z*Q‘®). 

[*336-52] = .(P|£)F K (P|£). 

[Hp] =. NV k M (2) 

h. (2). *33112. Dh. Prop 

*336*54. h : « e Pif conx . D“/c = (I“a: . D . 

V K = MN{M,NeK l i('RT).TeK d .M = T\N} 

Dem. 

I-. *334-46 . D h Hp . if, N € . 3 : 

(gP, x) .Te* d . M‘x = T‘N*x. = . (gP). Pe* 9 . if = P| JV (1) 
h.(1). (*336-01) Oh. Prop 

*336 6. h : k e Pif conx O . F« G J 
Dem. 

h . *331 "23 . D h Hp . D : MV K N. D . (g»). if‘a * iP* : O h . Prop 
Observe that, by the conventions explained in *14, “ M c x =f N‘x ” implies 
E ! M‘x. E ! N‘x. From “ (ga) . ~ ( M‘x = N*x) ” we cannot infer M^N. 

r. & w. III. 
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*33661. h 

: tc e FM conx trs . D 

. V K e trs 




Dem. 







(-.*330-612 

. 3 h : Hp 

. L, M,N 

e . D . g ! CFZ n (Fif a 

d‘N 


(1) 

h. *336371 

. D h : Hp 

.lv k m. 

Jf7^.aea‘Zn(I‘Jfn 

a‘F 

. D . 





(X'a) (s‘* 0 ) (M‘a) 

.{M ( 

a)(s‘ 

K d) (N‘a) . 

[*334*14] 



3 .{L‘a)(s‘ic d )(N‘a) 




[(*33601)] 



D.ZFjy 



(2) 

K(1 .(2). 

D V . Prop 






*336*62. h 

: k e FM connex . D 

. F K € connex 




Dem. 







(-.*330*61. 

3 h : Hp. 


d . a! Q‘L n a<M 



(1) 

h. *334 24. 

D h :. Hp . 

L,M €K t 

.a€<I‘Lr><I‘M.D: 






L‘a = M 

‘a.v. (Da) (£‘/c 0 ) (if'a). v 

.(M‘ 

a)(i‘ 


[*331-42.(*3 

136*01)] D : 

L- M 

tf .ZFJf.v.AfYiZ 



(2) 

h.(l).(2).: 

D (-. Prop 






*336*63. h 

: k e .FAf sr 

OT.e 

Ser [*336*6*61*62] 




*336-64. h 

: k e FM ar 

.D.U K e 

Ser [*336*63] 






*337. MULTIPLES AND SUB-MULTIPLES OF VECTORS. 

Summary of *337. 

In this number, we are concerned with the axiom of Archimedes and the 
axiom of divisibility. If tc is a family of vectors, k obeys the axiom of 
Archimedes if, given any two points x, a in the field of k, and any vector 
R which is a member of k, there is some power R v of R such that R vt a is 
later than x. That is, k obeys the axiom of Archimedes if, starting from 
any given point in the field, a sufficient finite number of repetitions of any 
given vector will take us beyond any other assigned point. A sufficient 
hypothesis for this is that k should be serial and Cnv‘p/c 9 should be semi- 
Dedekindian (cf. *214), i.e. we have 

*33713. h k e FM sr . P = i'/cg . P e semi Ded . R e/c^.ae C t P . D : 

x e C‘P . D . (gv). v e NC ind — t‘0 . xP (R vt a) 

The hypothesis P = s‘*:g, which appears in the above proposition, is often 
notationally convenient. It will be observed that P«g gives us the series 
in the opposite order to that in which it is usually wanted; hence the intro¬ 
duction of the above relation P tends to avoid confusions. 

A family k is said to obey the axiom of divisibility when, given any 
member R of k, and any inductive cardinal v other than 0, there is a 
member L of k such that L v = R. When this axiom holds, every vector 
can be divided into any assigned finite number of equal parts. We shall in 
the next Section (*351) define a family for which this holds as a “sub-multi- 
pliable family,” denoted by “ FM subm." For the present we are concerned 
to find a hypothesis as to s‘k$ from which this property can be deduced. 
The hypothesis in question is that Cnv f s‘«g is serial, compact, and semi- 
Bedekindian; i.e. we have 

*337*27. h k e FM sr . Cnv‘s‘/cg e comp n semi Ded . D : 

S ck .v e NC ind — l‘0 . D . (gZ). Le k ,S = L v 

The proof proceeds by taking two points a, x in the field of k, of which a is 
earlier than x, and considering the class 

\ = K d r\ R {( R v ‘a ) Px), 
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i.e. the class of vectors such that v repetitions of them, starting from a, do 
not take us as far as m. It is easy to show that, when P is compact, this 
class has no maximum (*337*23), and therefore, when P is also semi-Dede- 
kindian, has a limit, whose vth power is the vector which takes us from a to 
x (#337*26). Hence our result follows. 


#337*1. YiKtFM.P = s c K d .Metc d .ae C*P . D . P*'a C P“P*‘a 
Dem. 

h .#90*16 .*41*141 Oh: Hp. xR#a. y= R‘x . D .yeR^a.xPy. 

[#371] D.xe P“R*‘a Oh. .Prop 

^ 

#337*11. h : k e FM conn ex asym . P = s‘k 9 . Rt te^. a e C‘P. D. seqPP^a = A 
Dem. 

h .#206*15 . D h : Hp. D . seq p‘R%‘a— p*P“R%‘a — P“p‘P“P#‘a (1) 

h . #330*542 . #40*61 Oh: Hp . x ep f P“P # ‘a O . x e T>‘R. 

[Hp] D. (gc). x = R‘c. cPx (2) 

h . #90*172. Dh:c € P*‘a O . P‘c e %‘a (3) 

h . (3). Transp . #200*5 . #334*5 Oh:Hp(2).® = R*c O »c *>» e R^a (4) 

h . #37*1. 3 h : c e P ft R^a . D . (g6). b e R^a . cPb (5) 

h . (5) . #208*2 Oh: Hp . c e P fi R^a . x * R*c . D . (g£>). b e R^a . xP (R‘b) . 
[#90*172] D.aeP“P*‘a (6) 

h . (6). Transp . #20053 . Dh:Hp(2).* = E'c0.c~€ P“P#‘a (7) 

h . (4). (7). #202*502. #334*24 O h : Hp (2). = R‘c O . c ep‘P“P*‘a (8) 

h . (2). (8). D h : Hp (2) O . * e P“p‘P“P*‘a (9) 

h . (1) . (9) O h . Prop 

#337*12. h:/c6PiHsr.P = s < /f 3 .PesemiDed.P e k s .a€C‘P.'2.P“R%.‘a=C ( P 
Dem. 

h . #337*1. D h : Hp O. g ! max/P^a . 

[#205*7] D . ~ g ! maxPP“P#‘a (1) 

h . (1) . #206*33 . #337*11 O h : Hp O . ~ g I seq P *P“R#‘a (2) 

h.(l). (2). #214*7 Oh. Prop 

#337*13. h :. * € FM sr . P = 8<K d . P *semi Ded . R € k 9 . a € C‘P . D : 

xeC‘P.D.( gv). v e NC ind - i‘0 . xP(R?‘a) [#337*12 . #301*26] 
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#33714. h : k e FM sr . P — s‘kq . P e semi Ded ,D.U K e semi Ded 
[#336-462. #214-74-75] 

#337*2. ViKe FM conx . LU K R . R +1 f s'W'k .D.LU k (R\L) 

Dem, 

b . #336-41. D h : Hp. 3. (gP) . L,ReK.TeK S .L=T\R. 

[#330-31] 3.(nT).TeK d .R\L = T.L = T\R. 

* [#13*195] 3.R\LeK d .L = (R\L)\R. 

[#330-5.#336-41] D . L U K (R | L ): D b . Prop 

#337*21. I-: k e FM conx n FM trs. R e /eg. v e NC ind — P0 — PI. D . R V U K R 
Dem. 

V . #334162. #30123.3 h : Hp . D . R v — R v -' 1 j R (1) 

b . #334131 . D I-: Hp . D . R, R*, P 1 — 1 e K d (2) 

V . <1) . (2) . #336*41. D h. Prop 

#337*22. V : k e FM sr. P = P/c 3 . P e comp . aPx. v e NC ind -PO . D . 

(gP ). Re k . ( R vi a ) Px 

Dem. 

b . #27011 . D I-: Hp . D . (gy) . aPy . yPx . 

[#41*11] D . (gP, y) .Re KQ.y — R‘a, (R‘a) Px (1) 

h . (1)^. D b : Hp . R e k s . (R*‘a) Px.D. (g£) .Se/c d . (S'R'tyPx (2) 
b . #336*64 . D I-Hp (2). 8 e « a . (S‘P"‘a) Px.D-.R^S.v. RU K S. v .SU K R : 
[*336-511-4] D : R = S. v . (P-+* “a) P (S‘P"a). v . (S* +' l ‘a) P (S‘P*‘a) (3) 

1“. (2). (3). #334-3 .0 I-: Hp (2). D . (gS). S e te d . (£’+• w a) Px (4) 

b . (1). (4). Induct. D b . Prop 

#337-23. h : Hp#337 22 {(R*‘a) Px ). D. A. = 

Dem. 

h .#336-511. D h : Hp. R e \. SUJt . D . (P'‘a) P (P*"a). (P'‘a) Pa. 
[#334*3.Hp] D.Se\ (l) 

b . #337*22 . D h : Hp . R e X. D . (g£). 8 e K d . (S'‘P>"a) Pa. 
[*330-57-5.#33413] D . (gS). R | S e K d . {(R \ Sy*a) Px. 

[#336*41] D . (g£) . R j S e * d . {(P | 5)*"a} Px . R U K (P | S) . 

[#371] 1.ReU“\ (2) 

h . (1) . (2). D h . Prop 
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*337*24 h : Hp *337*23 . L = tl ( U K )‘\ O. ~ {(L*‘a) Px) 

Dem. 

h . *206*2 . D h : Hp . D . L *-«■» e X. 

[Hp] D . - {(^‘a) P<rj : D h . Prop 

*337*241. h : Hp *337*24 . D . ~ [xP ( L v( a )} 

Dem. 

h. *337*2*23 Oh:Hp.j2eXO.J?|£eX. 

[*332*53*241 .*334131] 0 . R \ L e \. (R \ L) v — R v \ L v . 

[Hp] D. (R vt L vl a) Px . 


[*71*362.*41 *11] D . ( L vi a)P(R vi x ) 

(1) 

h . *337*23 O h : Hp . R e K d - X O . 

<~[LU k R\. 


[*336-511] D. 

~ {(i?"a) P (L>‘a )}. 


[*330-5.Hp.*33414] D. 

, ~ P ( L vt a )} 

(2) 


h . (1) . (2) . D I- : Hp . D . ~(rR) .ReK d . (R v ‘x)P {L*‘a) . 
[*337-22.Transp] 5 . ~ {xP (L v ‘a)} .Oh. Prop 

*337 25. h : Hp *337*24 O . Z> = * ] A a ‘x 
Dem. 

h . *337-24-241 Oh: Hp. D . L vt a = x O h . Prop 

*337*26. h : Hp *337 23 .Pe semi Ded O . {tl (U K )‘\Y = K J \A a ‘x 
Dem. 

h . *337-21 . D h Hp O : R e X O, . (R‘a) Px : 

[*336*4] D : A a ‘xep‘!l K “\ (1) 

h . (1). *337*23*14 O h : Hp O . E! tl ( U K )‘\ (2) 

h . (2). *337-25 Oh. Prop 

*337*27. h k e FM sr . Cnv‘s f # 0 e comp n semi Ded . D : 

S e * . * e NC ind -1‘0 O . (gl) .LeK.S^L* [*337*26] 



SECTION C. 

MEASUREMENT. 


Summary of Section C. 

In this Section, the “pure” theory of ratios and real numbers developed 
in Section A is applied to vector-families. A vector-family, if it has suitable 
properties, may be regarded as a kind of magnitude. In order to derive from 
the “pure” theory of ratio a theory of measurement having the properties 
which we should expect, it is necessary to confine ourselves to some one 
vector-family; that is, instead of considering the general relation X, where 
X is a ratio, we consider the relation X £ *, where k is the vector-family in 
question; or sometimes we consider X\,K ti or sometimes X £ (* u Cnv“*c). 

Concerning ratios with their fields thus limited, which are what we may 
call “ applied ” ratios, we have to prove various propositions. 

(1) No two members of a family must have two different ratios. This 
is proved, for an open and connected family, in *35044. 

(2) All ratios except 0 g and oo q must be one-one relations when limited 
to a single family. This is proved, for an open and connected family, in 
*3505; with the same hypothesis, 0 9 is one-many (*350'51). 

(3) The relative product of two applied ratios ought to be equal to the 
arithmetical product of the corresponding pure ratios with its field limited, 
i.e. if X, Y are ratios, we ought to have 

X^K I Ft* =(X X, F)C# 
or A £ | F £ = (X x* F) £ 

That is to say, two-thirds of half a pound of . cheese ought to be (2/3 x g 1/2) 
of a pound of cheese; and similarly in any other case. For any open connected 
family, we have (*3506) 

XE*JF£* t (:(X x,F)£* t , 

but in order to obtain an equation instead of an inclusion, it is necessary 
(*35131) that k should be “ submultipliable,” i.e. that if R is any member 
of k, and v any inductive cardinal other than zero, there should be a member 
of k whose vth power is R. The class of such families is denoted by 
u FM subm,” and considered in *351. 
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(4) If X, Y are ratios and T is a member of the family k , we ought 
to have 

(XIk‘T)\(YI k‘T) = (X + s Y) t k‘T, 

that is, two-thirds of a pound of cheese together with half a pound of cheese 
ought to be (2/3 +* 1/2) of a pound of cheese, and similarly in any other 
instance. This property is shown, in *351-43, to hold for any open connected 
submultipliable family in which all powers of members are members. In any 
open connected family, if R, S, Tex, we have 

RXT .SYT.D.(R\S)(X+ s Y)T (*350’62). 

The remainder of the hypothesis of *35143 is required in order to prove 
(a) that X Ik‘T, Y\,k‘T and (X+ f Y) Ik‘T exist, ( b ) that (XIk‘T) | (F^vt‘2 1 ), 
which is the R\S of *350-62, is a member of k. As applied to * t , we have 
to take the representative (cf. *332) of the relative product; if L e* 4 , we have 
(*351-42) 

rep/{(X t K t ‘L) j (Ft */£)} = (X +, F) £ k*L, 
provided k is open and connected and submultipliable. 

The fact that the above propositions can be proved for suitable vector- 
families constitutes the reason for studying such families, as we did in 
Section B. The proof of the above propositions, together with other 
elementary properties of applied ratios, occupies the first two numbers of 
this Section. 

We proceed next (*352) to consider all the rational multiples of a given 
vector in a given family, i.e. all the members of a given family k which have, 
to a given vector T , a ratio which is a member of G t H', or, alternatively, all 
the members of which have to T a ratio which is a member of C‘H g . It 
will be observed that, in virtue of *307, if R and S have a ratio X which is 
a member of G f H\ R and S have the corresponding negative ratio X | Cnv. 
The members of k which have to T a ratio which is a member of C‘H' are 
those vectors R for which we have 

0 rX).X€C‘H'.RXT , 

i.e. using the notation of *336, those for which we have 
0 RX).XeC‘H'.RA T X. 

Thus they constitute the class 

KnA T u C‘H'. 

Assuming that Te/c, the vector which has the ratio X to T is x^A T ‘X. 
This is the vector whose measure is X when Tis the unit. Thus x'J A T \C i H' 
is the correlator of a vector with its measure. It is easy to prove (*352'12) 
that *1 A t [G ( H' is one-one. 
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We can arrange the vectors which are rational multiples of T in a series 
by correlation with their measures, putting vectors with smaller measures 
before those with larger measures. The ordering relation is T K) where 
T^k^A^H' Df. 

Similarly the members of K t which are positive or negative rational multiples 
of T may be ordered by the relation T Kt , where 

T^K^Ar’Hg Df. 

We prove that change of units makes no difference to T K , i.e. if S is any 
member of k which is a rational multiple of T, then S K — T K (*352'45). The 
corresponding proposition holds for T Kl if S has a positive ratio to T, but if S 
has a negative ratio, S Ki = T Kl (*352 , 56 , 57). 

If k is a serial family, T K is the converse of U K (cf. *336) with its field 
limited to rational multiples of T (*352'72). This proposition connects the 
generalized form of greater and less represented by U K with the form of 
greater and less derived from greater and less among the measures of vectors, 
since it shows that, in a serial family, the vectors which have greater measures 

come later in the series U K , and those with smaller measures come earlier. 

We next proceed (*353) to consider “rational” families. These are 
families in which every member is a rational multiple of some one unit T, 
i.e. in which 

0 RT).T6,c d .KCA T “C‘H\ 

It is obvious that, given any family, the rational multiples of one of its 
members constitute a rational sub-family. In a rational family, rationals 
are sufficient for measurement, and irrationals are not required. If the 
family has connexity, it will be serial; in fact, if T is one of its vectors and 
a is a member of its field, we have (cf. *353'32’33) 

U K = k 1 A t ’H' . s*kq = A a >k 1 A t >H'. 

Thus both U K and s‘k^ are ordinally similar to H' £ A T “/c. If k is sub- 
multipliable, U K is ordinally similar to H' (*353‘44). 

We proceed next (*354) to consider “ rational nets,” which are important 
in connection with the introduction of coordinates in geometry. A rational 
net is obtained from a given family, roughly speaking, by selecting those 
vectors which are rational multiples of a given vector, and then limiting their 
fields to the points which can be reached by means of them from a given 
point. In order to make this more precise, we proceed as follows: Let us 
define as the “connection” of a with respect to k the class A a “tc t , i.e. all the 
points which can be reached from a by a member of « t . We will now define 
as the “ a-connected derivative of k ” the class of relations obtained by limiting 


27 
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the field of every member of k to the connection of a with respect to k. This 
class of relations we denote by ex/*, putting 

c x a ‘/c = £ Df. 

Instead of k, we take, in order to obtain a rational net, all the rational 
multiples (in k) of a given member T of k , i.e. C‘T K . Then c XaC‘T K is a 
rational net, namely the rational net associated with the origin a and the 
unit vector T. 

In proving propositions concerning the rational net c ^. a t G i T K> we often 
require the hypothesis that k is a group. In order to avoid having to make 
this hypothesis concerning our original family, we construct a closely allied 
family, which is always a group when k is connected. This family, which we 
call v g , is obtained from k by including the converses of those members of k, 
if any, whose domains are equal to their converse domains, i.e. we put 
* ? = /fv,Cnv‘‘(*nDVCL“*) Df. 

Then if k is a connected family, ie g is a connected family which is a group 
(*354*14*16), and {k 9 \ = /e t (*354*15). Then putting X = k 9 , we take c x a ‘C‘2\ 
rather than c x a ‘C‘T K as the rational net to be considered. If * is an open 
and connected family, this rational net is a family which is open, connected, 
rational, transitive and asymmetrical (*354*41). 

We proceed next (*356) to the application of real numbers to vector- 
families. For the application of real numbers, it is essential that our family 
should be serial. Given a serial family in which a given vector S is the limit 
(in the series U K ) of a set of vectors which are rational multiples of another 
vector R, it is natural to take as the measure of with the unit R, the limit 
of the measures of the vectors whose limit is S. It is convenient to take our 
real numbers in the relational form given in *314, i.e. if I 1 is a segment of 
we take s‘% as the corresponding real number. Thus positive real numbers 
are the class while positive and negative real numbers together with 

zero are the class s“C‘® g . If % e C"©, a vector which has to R a ratio which 

is a member of £ has a measure which is less than The class of all such 

—► —> 

vectors is s‘^‘R, i.e, if X = s‘if, it is X‘R. The limit of such vectors in the 
series U K , if it exists, will naturally be taken as the vector whose measure is 
X. Remembering that U K proceeds from greater to smaller vectors, we see 
that the first vector which is greater than every member of X‘R will be the 
lower limit of X ( R with respect to U K . Hence, if we write X^R for the 
vector whose measure with the unit R is X, we have 

X k ‘R = prec ( U K y~X‘R. 

Hence we may take as our definition of X K 

X k = V yw{U k )\X{k Df. 

Then X K is an " applied ” real number. 
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The properties to be proved concerning applied real numbers almost all 
require that the family to which they are applied should be serial and sub- 
multipbable, and most of them also require that Cnv‘$‘<g should be semi- 
Dedekindian. Assuming this, we can prove that, if X, Yes“G ‘©, X K is 
one-one, and, with various hypotheses, 

(Xt#)|(Ft*) = (Xx r r)D* f*356 31), 

X'\ F, = (Ix r F), (*356-33), 

(X K ‘R) j (Y k ‘R) = (X + r Y) S ‘R (*356-54). 

These are the essential properties required of measurement, as in the 
analogous case of ratios. 

We might proceed to consider “rear’ multiples of a given vector, and 
“real” nets. But these subjects have less importance than in the analogous 
case of rationals, and are therefore not discussed. 

The Section ends (*359) with a number on existence-theorems for vector- 
families. The most important of these are derived from rationals and real 
numbers. The family whose members are of the form (+* X) £ C‘H', where 
X e(7*£r, is initial, serial, and submultipliable (*359'21). The family whose 
members are of the form (+j,/x)E G‘W, where ^eC‘ 0 ', is initial, serial, and 
submultipliable, and has CnvV/cg = ©', so that Cnvh9/eg e semi Ded (*359*31). 
Finally we prove that the properties of families are unaffected by the 
application of correlators, whence it follows that, given any series P whose 
relation-number is 1+rj, or is 0' where $' + 1 = 0, there is an initial serial 
submultipliable family k such that Cn v‘s‘k^ = P. Such a family may be 
used for the measurement of distances in P. 

It is of some interest to observe that, given a suitable family k, ratios 
with their field limited to form a family whose field is k$. In this family, 
the zero vector is ( 1 / 1 ) £* 3 , and the family is connected if * is a rational 
family. If we wish to obtain a serial family, we must limit ourselves to 
ratios not less than 1 / 1 , i.e. to 

i> s “£*‘( i/i)* 

This family is serial, and if we call it A., we have (with a suitable hypothesis) 
- U K £ K d . 

It is necessary, however, if we are to obtain a family, that our original family 
should be submultipliable, since otherwise we do not necessarily have 
(I‘X^ = Kfi. For this reason, we cannot use the family of ratios without 

a frequent loss of generality in the resulting theorems. 

The theory of measurement developed in this Section is only applicable 
to open families. The application of ratio to cyclic families is more complicated 
and is considered separately in Section D, 




*350. RATIOS OF MEMBERS OF A FAMILY. 

Summary of *350. 

In this number we introduce no new definitions, but merely bring together 
the propositions of *303 on the pure theory of ratio, and the propositions of 
*333 on powers of vectors in open connected families, especially *333*47-48. 

We thus find that, if k is an open connected family, and /z, v are inductive 

cardinals which are not both zero, 

M \{fjbfv) £ * t j N . = . M, N e . g ! M v h iW . (*350'4) 

= . M, N e k l . rep^il/ 1 ' = rep/iW (*350 , 41), 

while if R, T are members of k, 

R (yjv) T. = . R v = T* (*350-43). 

We prove also, by means of *333'53, that if L and M are members of /e* other 
than I £ they cannot have more than one ratio, i.e. 

*350 44. h : * 6 FM ap conx . X, Ye C‘H '. 3 ! X £ * [S n 7 £ # tS . D . X = Y 

We next prove that any ratio other than 0, and oo q becomes one-one when 
its field is limited to (*350’5), while 0 ? becomes one-many (*350'51) and 
oo q becomes many-one (*350'511), 0 ? being in fact the ratio of the zero vector 
I £ to any member of >e l} and oo q being the converse of 0 ? . 

We consider next the multiplication and addition of ratios, but in this 
subject we cannot obtain some of the main theorems without the hypothesis 
that our family is submultipliable (introduced in *351). In the present 
number, we prove that, if * is an open connected family, and fi, v are inductive 
cardinals other than 0, 

(/a/1) £ i (1/v) £ tc,. G {fijv) £ k l (*350‘53), 

(1/y) £ k, 1 | (fijl) £ K t = {fijv) £ (*350-54), 

(n!l) £ ** | (vjl) £ k, = {(p x Q v )}^} £ K t (*350-55), 
anc l (l//x) £ , (l/v) £ K t = {l/(p x c r>)} £ (*350'56). 

Hence we find that, if X, Y are ratios other than 0 9 and yo q , 

X £ AC, r £ G {X X, Y) £ (*350-6), 

while if R, S. T arc members of k, 

IiX T . S YT . D . ( R S) {X +„ Y) T (*350-62), 
and if A, M, X are members of k l , 

LXN . M YN . D . [rep*‘(A ; M )] (X +, Y) N (*350 63). 
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We then prove similar results for subtraction, and thus arrive at the following 
proposition concerning generalized addition of positive or negative ratios: 

*350-66. h : « e FM ap conx . L, M 3 N e tc t . X, Y e C‘H g . LXN .MYX.2>. 

rep/(Z j M) — (X + g Y) £ k*N 


*3501. 

h : leeFMsLi). D 

. C Rel num id 

. k i3 C Rel num 


Dem. 





h . *333-101 . 

Dh:Hp .Le* a 

■ D ■ L e 1 —► 1 ■ Ap 0 G J 

U) 


h.(l). *300-3. 

Dh:H P .D.« ta 

C Rel num 

(2) 


h. *3331101. 

Dh:Hp.Ze« t - 




[*300-325] 


D. L e Rel num id 

(3) 


K(2).(3).Dh 

. Prop 




*3502. h : k e FM ap conx . g ! . D . Infin ax 

Bern. 

h . *330624. *333-15 . D h Hp . L e k iS . D : A~e finid'Ii: 

[*121-11-12] D s v e NC induct. D,. (gar, y) . L(w^y)ev+ 0 1 : 

[*120-3] D : Infin ax :.Dh. Prop 

*350'21. 1“: a ! FM ap conx — 1. D . Infin ax [*334'18 . *350 2] 


*350-31. h k e FM apconx . p, v e NC ind — l‘0 . M, Ne . D : 

M (fijv)N . = . a ! M v n N* 


Dem. 

I-. *303-1-. (*302 02 03). *113-602 . D 

h :: Hp . D M{(xjv)N . = : (ap» t) ■ p Prm <r . r e NC ind — t ‘0 . 

/i = px 0 T.i/ = irx 0 T. j! niV^.p^O.tr^O: 

[*333"48] = : (ap, <r, r). p Prm a . r € NC ind — l ‘0 . p 0 . <r =J= 0 ■ 

p, = p x c t . v = a x 0 t : a ! M v r\ i\T M : 
[*113-602.(*302-02-03)] = : (ap. or) . (p, <r) Prm (p, n) : a I M* n iV* : 

[*302-36] = : a 1 M v n iV> ::D h . Prop 

*350*32. h Hp *350*31 . D : if (fj.jp) N . = . rep/i)/ 1 ' = rep/iV^ 

[*350 31. *333 47] 


*350-33. haeWap conx . p, e NC ind - t‘0 . Jtf = / fs‘tP‘* .Ne^.D: 
Dem. 


h. *301-3. *333-2.3 h 

Hp . 3 : <r e NC ind - 


(1) 

h . (1) . *303*1. 3 




h:.Hp.D:if(pA)W, 

= ■ (3P. o) ■ (p. *) Prm 

M nN<>. 


[*333-101] 

= ■ (HP. o') .(p,<r) Prm 

(p, v). M=N. 


[*302-36] 

= .M=N. 


( 2 ) 

[(l).*331-42] 

= . a IM* n x* 1 


(3) 

h . (2) . (3) . D h . Prop 
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*350331. h k e FM ap conx . p,veNC ind — i‘Q . M e *,. N= I [ . D : 

M (fifv) N. = .M = N. = .%lM''r>N* [*350-33 . *30313] 

*350*34. h « e FM ap conx . v e NC ind - i‘0 . M,N €K t .D: 

M (0 jv) N . s . M = I f 


Dem. 

V .*303-151 . D I-Hp. D : M(0j v )N. = . MQ. I. g ! C‘Mn C‘N. 
[*330-43-61] = . M-I |VG“*3 h . Prop 

*35035. h k eFM ap conx . veNC ind — f/0 . M, N e . D : 

M (0/v) N. = , a ! M v n N° 


Dem. 

V . *301-2 . D h Hp . D : g ! M* n N°. = . g ! M v n I |V<2“*. 
[*333*101 .*331*12] =.M=I\s*<l“ic (1) 

I-. (1). *350-34 . D h . Prop 

*350*351. h k e FM&ip conx . /x e NC ind — t‘0 . D : 

M(p/0)N. = .N=I[s‘<J“k [*350-35 . *303-13] 

*350 4. h * e FM ap conx . /x, v e NC ind .^(p = v = 0). D : 

M{(pfv) P «,] N.~.M,NeK t .%lM’'r>N» [*350-31-33-331-35-351] 


*350-41. h Hp *350-4.3 : M {{pjv) £ *,} iVe . rep/#" = rep/i^ 

Dem. 

I-. *332-243 . *301 3 . D h : Hp . M = I [ s‘(1“k . D . rep/#" = M (1) 
h . (1). *350-33-331-32 . D I-. Prop 

*350-42. h Hp *3504 .Q.R,S,TeK .h 

(Q \ R) (p/v) (S \ T ). = . Q* | R* = S* | T» [*350-41. *332-53] 

*350-43. h Hp *350'4 .R,Te,c.D:R (p/v) T . = . R* = T* 

[*35042 rr^q-^.rr^ j 

*350*44. h : * e FM ap conx . X, Y e C<H'. g ! X £ * (0 n Yl Kfd . D . X = Y 
Dem. 

h . *350 4 . D h : Hp . D . (gZ, #, p, y, p,a-).L,Me n ld . 

g ! L a f\ Mp . g ! L v n M* . X = pjv . Y= pjcr . 
D . p x a (T = v x 0 p . X = pjv . Y= pja . 

D.Z- F:Dh.Prop 


[*333-53] 

[*303-39] 
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*350 5. h : k e FM ap conx . /a, v e NC ind — i‘0 . D . (p/v) £ /c t e 1 —*■ 1 
Dem. 

h.*350-41. Dh:.Hp.D: 

L,M,N €k^,L {fj,(v) N . M (fijv) N . D. rep,‘2/ = rep/iV'* = rep/itf . 
[*33341] O.L = M (1) 

h.(l). D h : Hp . D . (fi/v) l /c t e 1 —> Cls (2) 

Similarly h : Hp . D . (fi/v) £ x, e Cls —► 1 (3) 

h . (2) . (3). D h . Prop 

*350-51. h : k e FM ap conx . v e NC ind - i‘ 0. D . 

(Qjv) l K t € 1 -► Cls. Cp(0/y) t x t = . D ( (0/v) t *1 = I 1 1 r [*350-34] 

*350-511. I- :Hp *350-51. D. 

(*/0) £ e Cls -> 1 . D‘^/0) £ = *,. a‘(v/0) t x t = 1*1 [ s‘(1“k 

[*350-51 .*303-13] 

*350 52. hi k e FM ap conx . X e C‘H . 3 . X £ e 1 —>1 
[*350-5 . *304-34 . *333-2] 

*350-521. h:*eJi , Jtfapconx.XeC'ff^.XE# t el-*Cls 
[*350-52-51. *303-1] 

*350-53. h : Hp *350*5 . D . {(/*/1) t * t } j {(1/vj t G (W*0 t #. 

Dem. 

h . *350-4. D h : Hp . L ((/*/1) t^M.M {(l/v) l x t ] N. D . 

L,M,N e /Cl^I L r\ M» N f\ M v . 

[*333-48] D . L, M, Ne *,. g ! 2/ o . a ! ■ 

[*333-47] Z>. L,M,NeK t .rep/Z* 1 = rep/if^* = rep/^. 

[*350*41] D . X {(/V*) txjNiD h . Prop 

*350-54. h : Hp *350*5 . D . {(1 Jv) £ *.j | {(/a/ 1) £ *.} = M") t 
Dem . 

h. *350-41 . *332-241 . D 
h Hp. D : £ [ 1(1/.) t *4 I (WD t *4] ^ • 

(gJ2) . L, M,N e x t . rep K ‘L V = M = rep/iV 1 * - 
= . L, N € . rep K f L v = rep/JV* 1 . 

= . L (fijv) X :. D h . Prop 


[*332-22] 

[*350-41] 
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*350-65. b : Hp*350-5 . 3 . {(/i/1) £ *,} | |(v/l) £ *.} = {(/* x c v)/l} £ 

= fWDD*4UWOI>4 

Dem. 

1-. *350'4 . 3 f- Hp . 3 : L [{(/*/l) £ « t } | {{vj 1) £ «,}] N . = . 

(gif). L, M, Ne K t . g ! L n M* . g ! M n X v . 

[*333-47] = . (g M). L,M,X e . g l L n M* . M - rep K *N V . 

[*333-21] •= . L, N e K t . g! L n (rep/X")''-. 

[*333-47] = . L,N e . L = i-ep Jt ‘[(rep/X v y i } . 

[*333'24] = . L, N e K t . L = rep^(N v Y . 

[*350-41.*301-5] = . L [{(v x c p,)jl} £ « t ] X (1) 

b.(l). *113-27. 3b. Prop 

*350*56. b : Hp*350'5 . 3. {(l//*)£ «,{j {(l/i>)t = {l/(/t x 0 j/)} £ 

= {(X/v) £ K t ] | {(1 f/j.) £ [*350-55 . *303-13] 

*350-6. hiteWap conx . X, Ye C‘H . 3 . (X £ O | (F£ Kl ) G (X x* F) £ 
Dem. 

b . *304-34 . 3 

I-: Hp . 3 . (g^, v, p, <r) . p,,v,p,<re NC induct — i‘0 . X = pujv . Y = pja (1) 
b . *350 54 . 3 b : k e FM ap conx . p,, v, p, a e NC induct — i‘0 . 3 . 

10*/O C *.) I l(f /<0 D *■! = 1(1/0 D *411 WO C *41 (WO C *. )i l(p/i) t *4 

[*350-53 54] 6 ((1/0 1 «.) ({(I/O [ *.) | («1) t *4 I {(p/1) [ *4 

[*350 56 55] G {!/(» x 0 „)) t *. I {(/* x„ 0/1} £ *. 

[*350*54] G {{fi x c p)/(xi x 0 <r)} £ « ( 

[*305-14] Gf/i/nx.p/^C^ (2) 

b . (1) . (2).3b. Prop 

*35061. b k e FM ap conx . X e G‘H . 3 : M = (X £ « t )‘X . — . X = (X £ K t )‘M 
[*350'52] 

*35062. b : « e FM ap conx . X, Y e C‘H '. R,S, T e k . RXT. SYT .3 . 

(R\8)(X + s Y)T 

Dem. 

b . *350-43.3 b : Hp . X = pfv . F = pja . 3 . 

R v = T* . S a = Tp 

[*301'5] 3 . R vX ^ = ^ ^x cff _ 'f v xcp m 

[*330-57] 3 . (R | = (ZV^^+c^xcp). 

[*350-41.*306-14] 3 . (R \ S) (X +* Y) T : 3 b . Prop 
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*350 63. b: « e FM ap conx . A r , Y e C‘H . L , M, N e . LXN . A/ ]'X . } . 

{rep«‘(Z]Jlf)}(X+ g Y)N 

Deni. 

b. *350*41.3 

b : Hp .A ' — fijv . 1' = p/tT . 3 . rep**// = rcp K ‘iV^ . rep/ilf 0- - rep^'X? . 
[*332'8l ] 3 . rep K ‘/> r> ' ^ = rep/X^'" . rep/ilf"*'^ = rep^X 1 '*'^ . 

[*332-33] 3 . rep/(// XctT i M vXc<r ) = rep^X 1 ^ Xtoj 4 i- k-x, p) 

[*332-8] 3 . rep/(/A = rep/X^ Xcffl , 

[*332-82] 3 . rep K ‘(rep K ‘(/, j = rep/X^ 9 ^ 1 ' (.-x, P i _ 

[*350-41] 3 . {rep/(/y; M)\ [{(p x c cr) + c (a x c p))f{v x c cr)] N . 

[*306*14] 3 . [rep«‘(Z j M)} {X + g Y) N : 3 b . Prop 

*350-64. b : Hp *350-63 . XH T. 3. [rep/(Z! il/)J (F— s X) X 
Deni. 

b . *332-15-81.3 b : Hp . 3 . rep= Cnv^rep/X)^^ (1) 
Thence the proof proceeds as in *350’63. 

*350 65. b : Hp *350-62.3 . (R \ 8) (Y — X ) 7 [*350’64, *30821] 

*350-66. b : * e FM ap conx . L, M, X e Kl .X ,Ye C‘H g . LXN .MYN. 3 . 

rep/(L \M)=(X + p Y)Ik<N 

Deni. 

b . *350 63.3 

b Hp . W= rep K C {L \ M ). 3 : X, Y e C‘H . 3 . W = (X + p Y) £ */X (1) 

b . *350-64. 3 b : Hp (1). X e C*H n .YeC‘H,D.W = (X + ff Y) £ k*N (2) 

b . *350-63 . *307-1.3 b : Hp 0) ■ X, r e C‘H n . 3 . TF = (X Y) fc k‘N (3) 

b . *350-34.3 b : Hp . X = 0, . 3 . re Plc ‘(Z j M) = M 

[*308-51] — (X + p Y) £ k*N (4) 

Similarly b : Hp . F= 0„ . 3 . rep K ‘(L | M) = (X + g Y ) £ k l ‘N (5) 

I-. (1). (2). (3). (4). (5). 3 h. Prop 


R.&W. IIL 



*351. SUBMULTIPLIABLE FAMILIES. 

Summary of *351. 

A “ submultipliable ” family is one in which any vector can be divided 
into v equal parts (where v is any inductive cardinal other than 0), i.e. in 
which, if R e k, there is a vector S which is a member of k and is such that 
S v = jR. The definition is 
*351 01. FM subm = 

Wn«{ii; e «. y 6NCind-i f 0 . D Ei „. (g&) .SeK.R = S v \ Df 

In open families, such as we are considering in this Section, S will be unique 
when R and v are given. But in cyclic families, as we shall show in 
Section D, there will be v values of S. For example, let k be a family of 
angles. Then the vector-angle 2ftir(v has its rth power equal to 2 tt- for any 
integral value of ft, since 2/tTr is the same vector as 2i r ; and 2ftrrrjv has v 
different values, since, considered as a vector, any angle 6 is identical with 
6+ 27t. In the present Section, however, these complications are excluded, 
owing to the fact that we confine our attention to open families. 

In virtue of *337’27, a family is submultipliable if it is serial and 
Cnv‘i‘/e 0 is compact and semi-Bedekindian (*351‘11). 

When k is a family which is open, connected, and submultipliable, if 
LeK t and ft e NC ind — t‘0, we have 

(gif) . M e K t . rep/if^ = L (*351‘2). 

Hence if X is any ratio (excluding oo q , now and always henceforth), we 
have 

E \XIk‘L (*351-21). 

In order to obtain the same result for k, we have to assume that all powers 
of members of k are members of k (*351-22), but we can obtain the same 
result for «vCnv“* without this assumption (*351’221), because of *331-54 
which shows that in any connected family all powers of members of «wCnv“« 
are members of « v Cnv“«. 

In virtue of the above propositions, the prepositions on products and 
sums of ratios, which in *350 only stated inclusions, now state identities. 
Thus if X, YeC‘H', we have 

(XI *\)|(F£ k,) = (X x g F)£* t (*351-31), 

rep/{(X l k<‘L) j (Yt «,‘Z)| = (X + s Y) £ k‘L (*351'42), 
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where £e/e t ; also 

rep/{(X t k‘L) |(F£ «/£)} = (XF) £ k'L (*351-45). 

The corresponding propositions for ratios confined to k instead of to k 
require the additional hypothesis /Pot"* C k, because this hypothesis is 
required in *351*22; on the other hand, in the analogue of *351*42 “rep*” 
does not appear, and we have (with the above hypothesis) 

(X l k‘R ) | (Ft >c‘R) = (X + s F) l k ‘R (*351-43), 
where R e k. For ratios confined to k v Cn v“k instead of to k, the corre¬ 
sponding result can be proved without the hypothesis s'Pot^/eC k (*351-431). 
It will be observed that the hypothesis s‘Pot“*: C k is satisfied if k is a group, 
though it may also be satisfied when « is not a group. Since a transitive 
connected family is a group, a transitive connected family always satisfies 
5 f Pot“*: C k, as has been proved already (*334-132). 

*35101. FM subm = 

FM r\K [Re k .v e NCind - / 0. 3 RtV . (g $). 8 e k . R = S v } Df 

*351*1. b k e Fit subm . = : k e FM: Re K.ve NC ind — / 0 . D B>lf . 

faS).8eic.Il = S* [(*351*01)] 

*351*101. 1-: a ! FM subm . D .Infin ax [*351*1. *301*16 . *300*14] 

*351*11. b : k e FM sr . Cnv^Kg e comp n semi Ded . D . k e FM subm 
[*337*27] 

*351*2. b k e FM ap subm conx .Ds/teNO ind — t‘0 . L e . D . 

(a M) rep/#* = L 

Dem. 

b . *351*1. D b : Hp. p e NC ind —1‘0 ,Q t ReK ,L = Q\R.^ . 

(R8 t T).S,TeK.Q = &.R = l>* 

[*332*53] D. ( a S T ). S, T e « . L = rep/(£ | Ty : 3 b . Prop 

*351*21. b : Hp *351*2 . X e C'H . L e . D . E! X £ «/£ 

Dem. 

b . *351*2 . *332*61.3 

b : Hp . y eNC ind - t‘0 . X = pjv . D . (a#) • M e . rep/#'* = rep/2/. 
[*350*41*5] 3.E !X£« t ‘£ (1) 

b . *350*34. D 

b : Hp, fx = 0. i/ e NC ind - t‘0 . X = . D . X £ *SL = I p s‘d“ K 

b . (1) . (2) . D b . Prop 


( 2 ) 
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*35122. f-: Hp *3512 . C/t.It C ( H'. R e k . D . E ! A r £ k‘R 

Dem. 

P . *301'22 . D P : Hp . p,, v e NC ind . v =f= 0 . D . Rf- e k . 

[*35M] D.faS).Sex.& = &•'. 

[*350*4.*331*12] D.(’3_S) t Se K .S( f i/v)R (1) 

P . (1). *350-521 .DP. Prop 

*351-221. r : Hp *3512 . X e C‘H '. A = * u Cnv“« . R e \. D . E ! X £ \*R 
[Proof as in *351*22, using *331 "54] 

*3513, P : Hp*351'2 .^,reNC ind . v 0 . D . 

{O/ 1 ) t *4 i KW D *4 = W") t *1 

Deni. 

P . *350"41 .DP:. Hp . p 4= 0 . D : 

L {(pjv) £ « t j N . = . L, N ek l . rep < t L v = rep K ‘N* . 

[*351‘2] = . (gil/) .L,M,NeK lt L = rep/M* . rep*‘2/ = rep/JV''*. 

[*333-24] = . (gM) .L,M,Ne k l . L — rep/M* . rep — rep /N* . 
[*333'44] = . (gjlf). L, M,Ne « t . L = rep /M* . rep/M v = rep K ‘N . 

[*350-41] = . (gif). L {(/*/l) t «4 M . M {(1/p) £ « t ] N (1) 

P . *350-34 . D P :. Hp.^=0.D: 

L {( pjv) £ « t } N . = . L = If s‘<3“/c .Nek, (2) 
P . *350-34 . *351-21 .DP:.Hp./x=0.D: 

L Ml) C «4 | {(1/p) t *4 N . ~ . L = / f s‘<L“K .Ne Kl (3) 
P • (1). (2) . (3) .DP. Prop 

*351-31. P : Hp *351-2 . X, Ye C‘H' . D . (X fc «,), (F£ « t ) = (X x g Y) £ 

[Proof as in *350‘6, using *351 '3 instead of *350*53] 

*351-4. P : k e FM ap subm conx . p,v, p,ae NC ind - 

rep K ‘[{(/i/x/) l K t ( l] | {(pja) £ k^L)] = (pjv +, pja) £ k*L 

Dem. 

P . *350-41 .DP:Hp.^=fd>p=j=0*j^- = (pj v ) £ . D . rep/i/" = rep . 

[*333'44] D. rep/J^ l,Xc<T = rep K f /^ Xc<7 (1) 

Similarly 

P : Hp . p,^0 . p^0 . N = (pja) l k*L . D . rep K ‘N^ = rep/2/*^ (2) 

P . (1). (2). *333-34 . *332-33 . D 

P : Hp(l). Hp(2). D . rep*‘(ilf | Ny Xc,T = rep/{2>* c<r > J D vX ^) . 
[*301-23.*333"24] D . {rep K ‘(if | N)\ vXc,T = rep^Z'** 0 ^ +c <•'*<*>. 

[*306'14.*350*41] D . rep K ‘(M | N) = (pjv -K, pja) £ k,<L 
P . (3). *351*21 . *350-34 .DP. Prop 


( 3 ) 
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#351*41. h : k e FM ap subm conx . $‘Pot“tf C k . 

/Li, v,p,ce NC ind 

{(fifv) £ k‘R } j f(p/<r) t k*R\ = (fi(v +„ p(<r) £ K *R 

Dem. 

h.*351*21*22.3 

h : Hp . 3 . (fijv) £ k‘R = (fi/v) £ k*R . (pjc) £ k‘R — (pier) £ k{R (1) 

h.(l). #332*241 .#331*24*33.3 

h : Hp. D . {(pjv) t K ‘R] | {(pjc) C *‘/2] = Te V '‘[{(fi(p) £ k<R\ j {(pjc) t K ‘R\] 
[#351*4.(1)] = (p.jv + s pjc) £ k‘R i 3 h . Prop 

#351 411. h : Hp #351*4 . \ = « v, Cnv“« .SeX.D. 

M») t vs ]! \(pM t vflf }=(fifv +, pi*) t vs 

[Proof as in #351*41, using #331*54] 

#351*42. 1-: k e FM ap subm conx . X, Ye C c H r . L e « t . 3 . 

rep«‘{(X l | (F l k*L)) = (X +. Y) £ k*L [#351*4] 

#351*43. h : k e FM ap subm conx . s‘Pot u « C rc. X, Ye C‘H '. Re k .3 . 

(X £ k'R) j (Yt k‘R) = (X + s Y) £ k ‘R [#351*41] 

#351*431. h:Hp*351*42.\ s =« wCnv“*.Se\. 3. 

(X l X‘S) | (Ft \‘S) = (X + # Y) £ X‘S [*351*411] 

*351*44. h : k e FM ap subm conx . 

pL, v,p,c e NC ind .z/^O.tr^O. (pjc) H' (p,jv) . L e . 3 . 
rep/[{(/i/y) l K ‘l\ | {(p/c) £ «//,}] = (fJ-lv -,pjc) £ k?L 

Dem. 

As in *351*4, 

H : Hp . M — (f,ijv) £ k { ‘L . N — ( pjc ) £ k/L . 3 . 

{rep* f (il/1 JV r )}*' x, ’ <r = rep/{Z# x< " r j D l ' x ‘ yp ] (1) 
h . *301*23 . #308*13 .Dh:Hp. T = (/i x c ff) - c (v x o(5 ).D. 

vep/|/>*-^ />*'*} = rep,‘{//j 

[ *7 2*59.*332*25] = rep *‘7/ (2) 

h .(1). (2). *350*41. 3 

h : Hp (1) . Hp (2). 3 . rep/(itf j N) = [rj(v x c a)} £ k?L 
h . (3) . #308*24 OK Prop 


( 3 ) 
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*351441. I-: k e FM ap subm conx . 

fjL, v, p s a e N C ind . v 4 1 0 . a 0 . (p/v) H f (p/tr) . Le K t .D . 
re P« < [{0*/*0 t k * l ) ! 1 (Pl a ) t *‘^l] = (j*/v -»pb) t k ' L 

Dem. 

h. *332 15. *303’19 . J 

1-: Hp . 3 . rep* 4 [{(p/i/) £ k*L) | {(pfa) £ */£}] = ^ 

Cnv 4 re P K ‘[{( P /<r) £ «‘L} I {(M £ *'£)] 

[*351‘44] = Cnv‘(p/o- -,/i/v) £ k*L 
[*303-19] = (p!*- s pli>)\; Kt ‘L 
[*308-21] = {fijv pja) £ k'L Oh. Prop 

*351'45. I-: k e FM ap subm conx . X, Ye C‘jH '. L e K t . 3 . 

rep/{(X £ tfL) ((F £ k*L)} = (X Y) £ k?L 

Dem, 

h • *351-21. *350-34 . *308-12 O h: Hp . X = F. D . 

rep/{(X £ k‘L) i (Y £ «/L)] = / £ s‘Q.“k = (X F) £ K ‘L (1) 
h .(1). *351-44-441 Oh. Prop 

*351'46. h : k e FM ap subm conx . s 4 Pot 44 ,« C «. X, Fe G‘H '. Re k O . 

(Cnv 4 F £ k‘R) j (X £ k‘R) e k l 

Dem. 

h . *351-22 O h : Hp O . X £ /c‘Re *. F£ rc‘R e k . 

[*37’62] D . X £ k 1 R e k . Cnv 4 F£ tc l R e Cnv 44 « Oh. i'rop 

*351-47. h,: Hp *351-46 . j» . (Cn v 4 F £ k‘R) \ (X £ k(R) = (X F) £ «‘R 
[*351-45-46] 



*352. KATIONAL MULTIPLES OF A GIVEN VECTOR. 

Summary of *352. 

By a “ rational multiple” of a given vector in a family k we mean, if we 
are dealing with k, any vector in the family which has to the given vector 
a relation which is a member of G ( H\ and if we are dealing with « t) we mean 
any member of k ( which has to the given member of « t a relation which is 
a member of C‘H g . We will call the former “rational K-multiples” and the 
latter “ generalized rational multiples.” It will be observed that if k contains 
pairs of members which are each other’s converses, only one member of such 
a pair can be contained among the rational /e-multiples of a given member 
of k, provided k is an open family. Hence the rational K-multiples of a given 
vector all have one “ sense,” even if this was not the case with the original 
family. 

Rational multiples of a given vector T can be arranged in a series by 
correlation with their measures with T as unit. These measures are ordered, 
in the case of rational K-multiples, by the relation H', and in the case of 
generalized rational multiples, by the relation ‘ H g . Moreover if X is the 
measure of a given member of k with T as unit, the given member of k is 
/c^AfX ; while if X is the measure of a givep member of k,. the given 
member of K t is k^ A t ‘X. Hence the rational K-multiples of T are ordered 
by the relation k 1 ] A t >H\ and the generalized rational multiples are ordered 
by the relation k,'! A T >H g . These two relations, therefore, are the relations 
we shall consider in this number. We put 

*35201. T k =k j \A t , ’H' Df 
*35202. T Ki = K^A T ’H g Df 

We assume throughout this number that k is open and connected. In 
dealing with T K , we assume Tex and in dealing with T Kl , we assume 
T e K t0 . We then prove the following propositions among others: 

€l-*\ (*35212), 

Kl ^A T \C ( H g €l~^l (*352-15), 

i.e, the relation of a rational multiple of T to its measure is onerone. 
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T^Z^eSer (#352*16*17). 

Observe that this requires only that k should be open and connected. The 
serial property results from the correlation with H' or H g . 

0‘T k = k n A t “C‘H '. C‘T Kl = « t n A T “C‘H g (*3523-31). 

If S is any non-zero member of C‘T K , C‘S K = C c T K (*352‘41), i.e. the rational 
/e-multiples of T are the same as those of any rational «-multiple of T \ with 
a similar proposition for G t T Kl (*352*42). 

RT K S. = iR,S€ K ryA T i ‘C‘H':(R f i,v).fi > v€NCmd.fjL<v.R v = S>* (*352-43). 
This is a convenient formula for T K> and leads immediately bo 
T k ={s‘H / c ( 1/1)} £.(« n A T “C‘H') (*352-44). 

—* 

Observe that H'\ 1/1) is the class of rational proper fractions, including 0 9 . 
By *35244 and *352-41-3, we see that, if $4= I 

S e C‘T k .D.S k = T k (*352-45), 

i.e. the order of magnitude of a set of vectors which are rational K-multiples 
of a given unit is independent of the choice of the unit. 

In order to establish the analogous property for T Kll we first prove a 
formula analogous to ^352-44, namely 

T Kt = CnvJ{s‘&(l/l)] t («, nA T “C‘H) 4- 

{s‘tf'‘(1/1)} t («c n AjfWH') (*352-54). 

Here the first term gives the. series of negative multiples of T, while the 
second gives the series of positive multiples of T (including I [s‘(I“k), 

From the above formula it follows, as in the case of T K , that if S is a 
positive multiple of T (not including / [s‘(I“«), S Kl —T Kl) while if S is a 

negative multiple of T t $,«= Z 1 *, (*352-56 - 57). 

Finally we deal with the relation of JJ K to T K . Here we have to assume 
that k is a serial family. We then find that U K with its field confined to 
rational K-multiples of T is the converse of T K , i.e. we have 

*35272. h : * eFMsr . Te . D . U K IC<T k = * 1 A r ->H = T k 

*35201. T^k^A^H' Df 
*35202. T Kt = K l J \A T ^H g Df 

*3521. \-:.RT K S.^:R,Se K : (gX, Y) . XITT. RXT. SYT [(*352 01)] 

*35211. 1- RT Kl S .--:R t SeK t : (gX Y) .XH tJ Y. RXT.SYT [(*352-02)] 
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*35212. b : k € FM ap conx * T e .0 . k '] A T [ C‘H' e 1 —► 1 
Deni. 

b. *336*1 . Dt-:R( K '\A T {C‘H , )X.-.R€ f c.XeC‘H' . RXT (1) 

b. *350-521. Dh:Hp.i2,fif€«. JTeC *^'. RXT. SXT .3 . R = S (2) 

b . *35044. D b : Hp . R e k b . X, F e C‘H'. RXT .RYT.^.X^Y (3) 
b . *350-34-4 . D 


b : Hp . R~ I [ s‘<J“« . X, YeC‘H '. RXT.SYT. D . X = 0 q . Y= 0, (4) 
b.(3).(4).Db:Hp . Re k . X,Y eC‘H'. RXT. SYT .3 . X Y (5) 

b . (1). (2) . (5) . D b . Prop 

*35213. b : k e FM ap conx . Te K ld . D . k, n At^&H C k 1? 

Dem. 

b . *350-4 . D b : Hp . R e n A T (( C ( H . 3 . 

(g/c l, v ). fji, v e NC ind - CO . a ! R v r\ T 1 . 
r*333-101] D . R e : D b . Prop 

*352 131. b : Hp*352 13 . D . n A T “C‘H n = Cnv“(« ( n A T “C‘H) [*307 1] 
*352132. b:Hp*35213. D . Kl n A T “C‘H n C * ld [*352 13131] 

*36214. b : ksFM ap conx . A T “C‘H' r» A T “C‘H n — A 

Dem. 

b. *307 1. *350-4. *352132. D b : Hp. R,S e * 4 . R e A T “C‘H n .SeA T “C‘H'. 3 . 

(3/L v, p, tr) . fi, v, p, a e NC ind . v 4= 0 . p + 0 . er =j= 0 . R e K id . 

rep/jR 1 ' = rep X ‘2 T ' X . rep/^* 7 = rep/T". 
[*333"44] D . (a p, v, p, <r) . p, v, p, o e NC ind . v=j=O*p4 : O*0-^6..Retf tS . 

rep/jR"* 0 ' 1 = rep*‘7 T ' iXcp = rep (C ‘N <7X ' ;M . 
[*333-47] D . ( a £ v ). I v e NC ind . f 4= 0 . a ! R* n S’. 72 e ^ . 

[*71192] D . (af, i?). f, v e NC ind . £+ 0 . a ! I * R il S" .ReK id - 
[*333'101.Transp] D . 72 =J= $ : D b . Prop 

*352*15. b : k e FM ap conx . T e K ld . D . ] A T [ C l H u e 1 —> 1 

Dem. 

b . *336-1.3 b : Hp. R (* t ] A T [ C‘H g ) X . R («.] A T [ C‘H„) Y. D . 

Re X, YeC c H n , RX T. RYT (1) 

b. (1). *352-14. Db:. Hp(l).D: 

R e *,. X, Ye C‘H'. RXT .RYT.v.Re Kl . X, Ye C<H n ■ RX T. R YT : 
[*307-l.*350-44.*352 13-132] D : X = Y (2) 

b . *3361 . D b : Hp . R (« 4 ] A r [ C‘H 0 ) X . S (*, ] A T [ V'H,,) X . D . 
R,Se K ,.Xe C'H, .RXT. SXT. 

[*350-521.*307 1] D.R = S (3) 

b . (2) . CD .^b. Prop 
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*35216. b : k e FM ap conx .TeK d .D.T K e Ser [*35212 . *304*48] 

*35217. h : k e Wap conx . Ttuc ld . D . Ser [#35215.*307 *45 .*30423] 

*35218. V i fee FM apeonx . s'PotC n Cn v“k^ — A . Te . D . 

Dem. 

V . *350-43 . D 

hi.Hp. A t,i;6NCin(l-i‘0.Z = (/*/p)iCnv.S6«.D:SZr. = ./S*' = r'*. 
[Hp] D.S’e* 0 nCnv“* 0 (1) 

I-. (1). Transp . D h : Hp . D . ~ (gX, £). X * . *8 * * . SXT: D K Prop 

*352181. YuceFM init . T € .D . /c r\ A T “C‘H n = A [*35218 . *33521] 

*352*2. I-: k e FM ap conx ,Te/c d .D .(I |V<l“/c) T K T 
Dem. 

1-. *350-34 . *331-22.3 h : Hp. D . (/ f s‘(l“,c ) 0 9 T (1) 

h. *350-31. D h : Hp. D . T{1/1) T (2) 

h . *304-45-48 . D h : Hp. D . 0 9 H‘ (1/1) (3) 

h . (1). (2). (3) . *3521.3 h . Prop 

*352-21. I-: k e Wap conx . Te . D . (I [ s‘a « K ) T* T [Proof as in *352*2] 
*352*22. YuceFM ap conx . T e K b . D . g ! ^ [*352-2] 

*352-23. K- # e W ap conx . T e * i0 .3 . g ! T n [*352 21] 

*352*3. h : k e FM ap conx . T e * 0 . D . (7*7^ = /t n A r “(7 J ^T' 

Dem. 

u . *350-31. *304-48.3 

i-: h p . x 6 c"#'. x+i/i. d . x (#; w ib (i/i>. t(i/d t . 

[*3061] (l) 

I-. *350*34 . *331-22 . *304-45-48 . D 

h:Hp.X = l/l .D.X/r0*.(/|va'^)0 9 T.2 (VCFScc*. 

[*306-1] D.XeH'“A T “K (2) 

h.(l).(2). Dh :Hp.D.C‘i7'C(;Toir)“A r “A: (3) 

I-. *150-201. 3 h : Hp . } . C‘T K = k\A t “(E.' o H')“A T “/c. 

[(3)] 0. t c'\A T “C*H'CC‘T lt 

h . (4). *150'202 . D h . Prop 


(4) 
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*352*31. 1“ : k e FM ap conx . T e .3 .C‘T Kl — K t r\ A T u Q i H g 
Dem. 

As in *352-3, b : Hp . D . C‘H' C (H g v H g )“A T “K (1) 

b . *350-31. (*307-05). D I-: Hp . X e C‘H n . D . XH g (1/1). T(\jl) T. 

[*336-1] D.XeH 9 “A T “K (2) 

l-. (1). (2). D h : Hp . D . C‘H g C (H g H 9 )“A t “k (3) 

h . (3). *150-201-202 . D b . Prop 

*352 32. h Hp*352*3 . X, Ye C‘H' .R — X^, k‘T. 8 = 

RT k S . s . XH’Y [*352-1. *350-521] 
*352-33. h Hp *352-31 . X, Y e C l H g . = X £ S = F£ k*T . D : 

£1^3 . = . XH g Y [*352-11-15] 

*352-34 1-Hp*352-3 . D : RT K T. = . (gX). X#'(1/1). R = X £ k‘T 

[*352-1 .*350-521-31] 

*352341. b Hp*352*3 . D : . = . (gX). (1/1) tf'X . i? = X £ k‘T 

*352*35. b Hp *352 31 . D : i?T <t 7 1 . = . (gX). Xtf p (]/l). £ = X £ k/F 
[*352-11-15] 

*352-351. b Hp*352-31 . D : . = . (gX). (1/1) H g X . = X£* ( ‘F 

*352-36. I- r Hp *352 3 . s‘Pot“* C * . 3 . Pot‘F — t‘TC 7VF 
Dem. 

b. *350*43.31-: Hp . i/eNC ind - P0 — PI . D . T v (v!\)T. 
[*304-4.*352-341] D . TT K T *: D b . Prop 

*35237. b : Hp*35231 Cnv“* . D . Pot ( T- i‘TC^T 

Dem. 

H . *331-24-54 . D I- : Hp . D . Pot'F C Kl 
Hence as m *352'36. 

*352-38. b : Hp *352*31 .0 . rep, “(Pot ‘T - i‘T) C 2VF 
Dem. 

b . *332-61 .0 b : Hp . D . rep K “(Pot‘F - PF) C 
Hence as in *352*36. 

*352-41. b : /c e FM&p conx . S, Fe rc d . S e C‘T K . D . 

C‘S K = C‘T K = >c r\ A t “C‘H' = *n A S “C‘H 

Dem . 

b . *3523 . *350-43 . D h : Hp. D . (g/i, ind - i‘0 . S* = T *. (1) 

[*352-3] D.FeC‘& (2) 
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h . (1). *352-3 . *350-43. D h : Hp . R e C‘S K . D . 

(gp, v, p, <r). p, v, <r € NC ind — i ‘(). p e NC ind . S* = T v . R a = S ?. 
[*301-504] D . (gp, v, p, ir).fi,p,<T£ NC ind - t‘0. p e NC ind . = T vy ">. 

[*352-3.*350'43] D.Re C‘T K (3) 

rr ct 

h . (2) . (3) . D I- : Hp . R e C"r« .D.Re C‘S K (4) 

I- . (3). (4). *352-3 . D h . Prop 

*352-42. h*6^Iapconx.S,r e . SeC ( T Kt .D . = C‘T U 

Rem. 

V . *352-3 . *350-4. *307-1 . D 

V Hp .'D : (gp, v ): p, pe NC ind - CO : g ! S v A T* . v. g ! S v A T* : (1) 

[*352-31] D:TeC‘S Kt (2) 

I-. (1). *352-3 . *350-4 . *307 1. D 

!- Hp . R e C‘S Kl . D : (gp, p y p y <t) : p, p, <r e NC ind — i‘0 . p e NC ind : 

g ! S v f\T ». v .g ! S v A T* : g ! R? A S *. v . g ! R a A & : 
[*333’48] D : (g p, p, p, <t) : p, p, a e NC ind - i‘0. pe NC ind : 

g ! R?** A T' x 'i >. v . g ! A T vX ^ : 
[*352-31] D-.ReC‘T Kl (3) 

rp a 

I- . (2). (3) ^ . D h : Hp . R e C‘T Kl .D.Re C‘S Kl 14) 

H . (3). (4). D h . Prop 

*352'43. h :: k e FM ap conx . T e ,D :. 

RT K S. = :R > Se K ^A T it C i H':(^p i v).p,pe NC ind . p < p . R v = S» 

Dem. 

f- . *3317 . D h : RT K S . = .R,8e C‘T K . RT K S (1) 

h . (1). *352-3-1 . *350-43 . D h :: Hp . D 

RT'S : R,Se K r> A r “C‘H ': (gp^,^).^ e NC ind-t‘0.peNC ind. 

P x c v < <T x e £. Hr = T>. S' = Tf: 

[*333-5] = -.R,Se / cr>A r “C‘H': (gp,a, £ v ). a, £ v e NC ind - i‘0 .p e NC ind . 

p x c 7] < o- x c £. R° x 't = = S» x ^ : 

[*12G"14] D : R, S e k r\ A T “C U H ': (gp, p) . p, v e NC ind . p < p . R v = S* (2) 
I-. *350-43 . *304-4 . D 

^ R, S e k r\ A r “C‘H': (gp, ^.p^eNC ind . p < p . R* = S* : D : 

R,Se,cn A r “C‘H ': (gZ). XH’ (1/1). RXS : 
[*3361] D : R, Se K -. (gX, Y,Z). XH' (1/1). Y, ZeC‘H'. RXS. RYT. SZT : 
[*350-6.*305 71-51] D : R, S e k : (gX, Z). (X x* Z) H'Z. R (X x, Z) T. SZT : 
[*352 1] D:RT k S (3) 

I- . (2) . (3) . D h . Prop 
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*35244. I-: k e FM ap conx . Te/c^.D ,T K — {s‘H'‘(ljl)} £ (k r\ A/WH") 
Dem. 

V . *352-43 . *304-4 . 3 h :: Hp . 3 

RT'S .s t R, Sexes A t “C<H ’: (gZ). XH '(1/1) . RXS :: 3 h . Prop 
*352'45. : k eFM conx . S,T€ ic d . S € C‘T k .D . S K = T k [*352*44-41] 


*352*5. h : k e .FI/ap conx . Te .3 . 0^] ac* n 

[Proof as in *352*3] 

*352*51. I- : k e Fjl/ ap conx . Te tc^ . 3 . C'a^ ] A T >H n = /c t n A T “C‘D n 
Dem. 

V . *150*202 . 3 h : Hp . 3 . CV ] C n A T “C‘H n (1) 

I-. *352-131 . 3 h : Hp .F e ac ( n A T “C‘H n .D .(gZ).Z eC‘H.Re Xt .RXT (2) 
b . *304-23 . 3 h : Hp . X e (7*5- t‘(l/l) . R e k ,. FZT . 3 . 

X (ffvff)(l/l) ie*,. RXT. T(l/1) F. 
[*307-1.*3361] 0. Re C‘ Kl ] A T >H n (3) 

I-. *352-38. 3 b : Hp. X * 1/1. R e /c,. FZF. 3 . F Z r >5) (rep AT 9 ). 

[*307-1] (4) 

h . (3). (4). 3 h : Hp . Z e C*H . F e ac. . RXT . 3 . F e C"* t 1 4 r ;5 n (5) 

h.(2).(5). Dh:Hp.D,« l n J 4 r “C!' , flnC^ t 14 r ;^r n (6) 

I-. (1). ( 6 ) . 3 h . Prop 

*352-52. h : * e FM ap can x . T e x td .3 . T« t = *, ] A T J] 4 r ? H' 


= Cnv»/c t ] A t >H Ac t ] A t ’H' 

Dem . 

I- . *160-43 . (*307-05). 3 

h . T Kl = * t ] u /c’l 4 r ;5' ca (*, 1 A t “C‘H h ) t (*. 1 A t “C‘H') (1) 

h .(1). *352-5-51 . *307*1. 3 h . Prop 
*352*53. b : k e FM ap conx . T e . 3 . 

K^A^H'^ls'll'^lll^tiic^AS'C*}!') [Proof as in *352-44] 

*352-531. b : Hp*352-53. 3 . ] ^5 = (s f 5‘(l/l)} £ (* t n 4 r **(7‘5) 

[Proof as in *352-44] 

*352*54. h : Hp *352-53.3 . = Cnvi{i‘5*(l/1)} £ (« t n 4 r “C"5) £ 

(s^Xl/1)) C (/c t ^ [*352-52-53-531] 

*352*55. b : ac eFi/ap conx . S, T e tc^ . S e /c t r\ A T “C‘H . 3 . 

AC t n A S “C ( H' = K t r\A T “C‘H' . «r t r\ A s “( 7*5 = ac. n A T “C‘H 
[Proof as in *352-41] 
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*352*56. h : k e FM ap conx . S, T e . S e n A T “C*U . D . S Kl = P Kt 
[*352-54-55] 

*352-57. f-: k e FM ap conx . S, T e k iS . S e /c t n A . D . S Kt = T Kl 

[*352-54-55. *307-1] 

*3527. h * eFM sr. X, Fe C‘H'. T e * d . P,Q <■ k . PXT. QYT . 0 : 

PU k Q. = .XH'Y 

Bern. 

h • *352-18 . Dh:Hp.QIPe^.D.Q|P~ 6j 4 . 

[*350-051 D.X - s YeC<H' (1) 

h. *350-52. Dh:Hp(l).D.X=f=F (2) 

!- . (1). (2). *336-41. D h : Hp . PU K Q .D . X — S Y e C‘H . 

[*308-12-19.Transp] D . Xtf'F (3) 

K *336-64. DI-:.Hp.~(PP (t Q).D:P = Q.v.Qf/ JC P: 

[*350-44.(3)] D : X = F. v . YH'X : 

[*304-48] D \<^>{XH'Y) (4) 

V . (3) . (4). D h . Prop 

*35271. h:. fC €FMsr.T6K d .P,Q € C‘T K . D : PP.Q . = . P^tf') Q 
[*352-7-3] 

*35272. h : * e FM sr. T e K d . 3. £7, £ C'F, = * ] A T '>ff' = T K [*352-71] 
*35273. I-:. * e FM sr subrn . X, F 6 C‘H'. T e k 3 . D : 

(XC*‘F)£7,(Ft:tf'F). = .XB'Y [*3527 .*351-22] 



*353. RATIONAL FAMILIES. 


Summary of *353. 

A “ rational family ” is one which consists entirely of positive rational 
multiples of one of its members. We denote rational families by “FMxt”\ 
the definition is 

*353 01. FMrt> = FMKic{{vT)'TeK d .KCA T “C t H'\ Df 

It is obvious that, if tc is any family, k r\ A T i ‘C‘H\ which we considered 
in the last number, is a rational family. If tc is a connected family, it does 
not follow that tc r\ A T “C‘H' is a connected family, but the proofs of its 
properties, as we saw in *352, make use of the fact that it is contained in 
a connected family. Many of the most important properties of connected 
families hold equally of sub-classes of connected families, notably the property 
that two members of tc or k 1 whose logical product exists are identical 
(*331'42'24). In dealing with rational families, a good many propositions 
can be proved by merely assuming that they are contained in connected 
families. We put 

*353 02. FM cx = FM r\ A {(g/c). tc e FM conx .AC tc] Df 
*353 03. FM rt cx = FM rt n FM cx Df 

We will call a family “ sub-connected ” when it is contained in a connected 
family. When a family k is open, rational, and sub-connected, any member 
of K d may be taken as the T of the definition *353*01 (this is proved in 
*353*13) and if S, T are any two members of tc 0 , some power of S will be 
identical with some power of T (*353*12). An open rational sub-connected 
family is asymmetrical (*353‘2) ; no power of a member, and no product of 
two members, is the converse of a non-zero member (*353*22*23). Hence by 
*331*54*33, if the family is connected, and not merely sub-connected, it is 
a group and transitive (*353*25*27). 

If A is a family which, besides being open and rational, has connexity, 
then if a is a member of the field and T e tc d we shall have 

s‘A 0 = AJa^I A t *H' . (*353*32*33). 

That is, the series of points in the field and the series of vectors are both 
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ordinally similar to part or the wl.oie of the series of ratios; they will be 
similar to the whole if X is submultipliable (*353*44). But when X is 
submultipliable, a smaller hypothesis suffices, for in that case we can prove 
that if X is connected, then \ = \u Cnv“X (#353'4*1),so that X has connexity, 
and is serial (*35342). Thus we have 

*353*44. b : X e FM conx rt subm . D . smor H' 

*353 45. b . FM ap conx rt subm C FM sr 

*353 01. FM rt = FM n ic {(g 5T). T e k 8 . k C A } Df 

*353 02. FM cx = FM r\ X {(g*). k e FM conx . X C /c| Df 

*353 03. FM rt cx — FM i t n FM cx Df 

*3531. b :. ac e FM rt. ~ : * e FM : (gT ). T e tc d . k C A T “C‘H' [(*353*01)] 

*35312. b : X e FM ap rt cx . S, T e \ b . X C A T “C‘H '. D . 

(gya, v ). ft, v e NC ind . v 4= 0 . S v = T* [*350*43] 
*35313. b : X e FM ap rt cx , T e X^ . D . X C A T ti G‘H' 

Dem. 

b, *35312. D b: Hp . Se\ ? . X C A S “C‘H' .ReX.D. 

(gya, v, p, a) . p., v,p,<T€ NC ind .p^O.v^O.o-^O. R" = S* . T a = S ?. 
[*333-5] 

3 ■ (3/*. v, p, <r). ft, v, p, <t e NC ind . p =}= 0, v O.cr 4= 0.R vX °(‘ = = T ti * Qa . 

[*350-43] D.ReA T (t C‘H' Ob. Prop 

*35314. b : Hp*35313 O . \ C A r “C‘H 0 
Dem. 

b . *353-13 O b : Hp . R, S e X O . (gX, Y).X,Ye CH ’. RXT. SYT. 
[*350*65] 3 . (R j 8) ( Y- s X) T . 

[*308*2] D .R\SeA T t{ G f H 9 Ob. Prop 

*35315. b : k e FM conx . T e K ' 0 .3 . k r\ A T fi G‘H' e FM rt cx 
[*353-1 . (*353-02)] 

*353 2. b : X e FM ap rt cx O . X^ n^Xj-A.X e FM asym 
Dem. 

b . *353-1213 0 

b : Hp . R t R e X- O . (g/a, v ). ft, v e NC ind — G 0 . R* = R v (1) 

b . (1). *301 -23 O b : Hp (1) o . (gya, v ). ft, v e NC ind - t‘0 . R»+* v G / (2) 

b. *333101. D b : Hp (1)0. Pot‘/2 C Rl‘t/ (3) 

b . (3) . (2). Transp . (*334'05) Ob. Prop 
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*353-22. b: Hd *353-2 O. P Pot“X 0 n Cnv“X 0 = A 
Bern. 

I- . *3531213 . *301 5 O b : Hp . o- e NC ind - PO . R, R° e \ d . D . 

( 3 /x, v ) ■ v e NC ind — PO . R <rX * v = R*. 

[*301-23] D . (a*i, v).fi, ve NC ind - PO. <• 1 ( 1 ) 

b . *333-101 . *330-23 . D h : Hp . R e X a . D . Pot‘R G J . A~e Pot‘R ( 2 ) 

f-. (2). (1) . Transp . D b : Hp . R e X 0 . D . ~ 3 ! PoPR n Cnv“X OK Prop 

*353*23. I - : Hp *353‘2 . 3 . (s‘X | “X)r»Cnv“X 0 = A [Proof as in *353’22] 

*353 24. b : Hp *353 2 . X e FM conx O . PPot“X C X [*353 22 . *331'54] 
*353-25. h : Hp *353*24 O.PX|"XC\ [*35323 . *33133] 

*353 26. b : Hp *353 24 . 3 . PX 0 ■ “\ d C X 0 
Dem. 

b. *353-12-13 Ob :Hp..ft,£ eX 0 0.(^1/). ^veNC ind- 1‘0. R'~S* . 
[*330-57] 3 . (Rfi, v).^ veNC ind - PO. (R 1 8 )- = #*+«'. 

[*333101] 3.3 ! PoP(R|S)-n R1‘/. 

[*301-3.Transp.*331-23] 3 . £ j £ e R i‘J ( 1 ) 

b . ( 1 ). *353*25 Ob. Prop 

*353-27. b : Hp *353 24 O . X e FM trs asym [*353 26-2 . *334-13] 

*353-3. b : . Hp *353-2. v e NC ind - PO . pPot“X C X O : RIhS O . R v lf K S" 
Dem. 

b . *336-41 O b : Hp O . (giT). T e X 0 . R = T j 8 . 

[*330 57] 3 . ( a y). Te X a . & = 2> \ 8 V . 

[*336-41. Hp] 3 . R v U K S" Ob. Prop 


*353*31. b X e FM ap i t connex . R, Se X . v e NC ind — PO O : 

RUkS.i 

Dem. 

b . *336-62 O b : Hp . R 4 = S . ~ (RU k S) . 3 . SU k R . 
[*353-3-24] 3.£‘-ff*fl 1 '. 

[*336-6-61.*353-27] 3 . ~ (R" U k S») 

b.*336-6. 3b:Hp.R = N.3.~(iW,S‘-) 
b . (1). (2) O b : Hp . ~ (RU k S) O . ~ (E-E7.S-) 
b . (3). *353-3 Ob. Prop 


R. <fc W. III. 
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*353*32. h : Xei'Waprtconuex . Te\' 0 . 3 . (/ A = X] 

Bern. 

h . *353*12*13 . *350*5 . 3 h : Hp . R, 8e X . R . 3 . 

(Qfj., v, p , a) . p,,v,p,cr € NC ind . v 4= 0 . o* 4 0 . R v = T' i . S* = T p . pjv 4= pl<r (1) 
h . (1) . *350*43 . 3 h Hp (1) . 3 : R (X \ A T >H') 8 . v . 8 (X ]A T ’H') R (2) 
h. *301*5. 3 

h : Hp (1). p, v, p, a e NC ind .i/4 : 0.o*4 : 0..K , ' = T*. $*= T p ,px c <r<i vx a p.D. 


^x t »;^x tJ= px tp )-c(,M (3 ) 

h . *334*21 . 3 h : Hp (3). 3 . R \ $ e X v Cnv“X. 

[*331*54.*332*241] 3 . (R | rep/(5 j Sy**" 

[*332*53.(3)] =^ x '"’-^ x c 11 (4) 

h . (4) . *353*24*2 . 3 h : Hp (3) . 3 . R \ 8 eX . 

[*336*41] 3. SU K R (5) 

h . (1). (5). *304*4 . 3 h : Hp . R (X ] A T m > H') 8 . 3 . SU X R (6) 

I-. (2). *304*4 . 3 h : Hp (1). ~ [R (X ] A T \H’) 8} . 3. 8 (X T >H') R 

[(6)] D.RU K 8. 

[*336*6*61.*353*27] D.~(SU X R) (7) 

I-. *336*6 . 3 I-: Hp .R=S.D.~(S U K R) (8) 

h . (6). (7). (8). 3 h . Prop 

*353*33. h : Hp *353*32 . a €s‘<A“\ . 3 . s‘X^ = A~ >X ] A T iH' 

Bern. 

h. *336*43. 3 h: Hp .3. £/* = X ] A a '>s‘\ d (1) 

h . (1). *336*2 . 3 h : Hp . 3 . s*\ d = AJU, (2) 

h . (2) . *353*32 . 3 h . Prop 
*353*34. h . FM ap rt con'nex C FM sr [*353*27] 

*3534. h : X e FM ap rt cx . s‘Pot“XC X . L . 3 . 


(go-). o- e NC ind — t‘0 . reipAL* eXu Cnv“X 

Bern. 

!- .*353*12*13.3 

h : Hp . 3 . (ftp, v, R, S) . p, v e NC ind . R, Se X . L = R \ S . p . R" = (1) 

(-.*301*23.3 

I-:. Hp .ftveNC ind . R, 8 e X . R* = S u . 3 : p < v . 3 . R v \ 8" = ^ . 

[*332*53] 3 . re P>t ‘(£ j S)' e X (2) 

Similarly h :. Hp(2) . 3 : p > v . 3 . rep/(i£ | e Cnv“>t (3) 

H . (1) . (2). (3) .31-. Prop 
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*35341 b : X t FM ap conx rt subm .D.X^Xu Onv“X 
Dem. 

I-. *353-4 . 3 

b : Hp . L e . Z) . (^R, a). R e \ Cnv“X . <r e NC ind — i‘0 . rep= R *. 
[*333-41] D.IeXu Cnv“X : 3 b . Prop 

*353-42. I-: Hp*353*41 . 3 .\eFMav [*353'41 . *334-26 .*353*27] 

*353*43. b : XejPil/ap cx i t subm . . Potid'TCX . 3 . C‘H' C A r “X 

Dem. 

b . *351*1 . 3 h : Hp . p, v e NC ind . v =}= 0 . 3 . ( 3 $) . S e\ . S v = T* . 

[*350*43] D.(zS).Se\.S(vLjv)T (1) 

I-. ( 1 ). *336*1.3 t- : Hp . X e C‘H' . 3 . ( 3 S). Ne X . SA T X : 3 b . Prop 

*353 44. b : X e FM ap conx rt subm . 3 . i'Xg smor H' 

Dem. 

b . *353*42*33 . 3 b : Hp . y,es‘<l“X . 3 . s‘X 0 = AJX] A T ‘>H' (1) 

b. *353*43. 3 b : Hp (1). 3 . G‘H' C ([‘(i!* j X ] ^ r ) (2) 

b . *336 2 . *352*15.3 b : Hp ( 1 ). 3 . A a | X 1A T f C‘H' el-*l (3) 
b.( 1 ).(2).(3).3 b . Prop 

*353 45. b . FM ap conx rt subm C FMsr [*353*42] 



*354. RATIONAL NETS. 


Summary of *354. 

The subject of “ rational nets,” which is to be considered in this number, 
is of importance for the introduction of coordinates in geometry. We have 
three stages in the construction of a rational net. First, taking any vector 
T in a family k, we construct C‘T K , i.e. the positive rational multiples of T, 
as in *352. The result is, as a rule, a family which is not connected, even 
when the family k is connected. For if there are in k any vectors other 
than C‘T k , any point of the field which is reached from a given point a by 
one of these “ irrational ” vectors cannot be reached from a by a member of 
C f T Ki though it will be in the field of C ( T K . Thus in order to obtain from 
C*T k a connected family, we shall have to limit the fields of its members to 
the points which can be reached from a given point a by one or more 
rational steps backwards or forwards, i.e . to the points It will 

be observed that whereas, in the construction of only positive vectors 

are used, negative vectors, i.e. the converses of positive vectors, are also 
admitted in constructing what we may call the “ rational points ” with 
respect to a and T. Having constructed these points, i.e. the class 
we then proceed to the third and last stage in constructing a 
rational net, by limiting the field of every member of C*T K to A a “{C ( T K \. 

Many of the propositions concerning rational nets require the hypothesis 
that the family concerned is a group. If this is not the case with the 
family k from which we start, we replace k by tc g , where tc g is formed by 
adding to k the converses of those members of k (if any) whose domains 
are identical with the common converse domain of members of k. The 
definition is 

*354'01. K g = fcv Cnv“(* n D V(P‘«:) Df 

We put also 

*354'03. FM grp = FM n ic ( s ( tc j “k C k ) Df 

We then easily prove that if k is connected, tc g is a group (*354 14), and 
if * is open and connected, tc g is open and connected and a group (*35417). 
If k is connected, (ic g ) t = tc L (*354T5), so that properties only dependent on 
K t> like that of openness, always hold for K g when they hold for k. 
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Next, we prove that if tc is open, connected, and a group, C‘T K is open, 
rational, sub-connected and a group (*354-22). Hence if k is open and 
connected, and X = tc g , C‘T K is open, rational, sub-connected and a group 
(*354-24). 

The “rational points" with respect to a and T are A a “(C'*I T (( ) t . In order 
to study them, we consider A a u \, where X is a family concerning which we 
make hypotheses which will be fulfilled in the case of C‘T K . We prove that 
if X is a family which is a group, and Se X . a es‘<3“X, then 

A a ‘% C 8“A a “\ t (*354-31), 

whence S £ (4«“X t ) = (A a “X t ) 1 8 = 8[ (A ft “X t ) (*354-312). 

Next we prove that, with the same hypothesis, if b is any other member of 
-4 a “X t) then 

4 a “X t =A 6 “X t (*354-33). 

Thus the rational points with respect to a and T are the same as the 
rational points with respect to b and T, if b is one of these rational points. 

The "rational net” is the family ^{A a ii {C t T K )i\ ll C l T K . Writing X for 
G l T K , this becomes £ (A a “X t )“X. In order to obtain the properties of the 
rational net, we therefore continue to consider a family X, concerning which 
we make hypotheses which are verified in the case of G i T K , and we put 

*35402. cx/X = t(A a “X t )“X Df 

Thus o,\ a t G i T K is the rational net defined by «, T, and a. We prove 
(*354 4) that if X is a group, cx a ‘X is a family whose field is A a “\. We 
prove that if X is a family, and a a member of its field such that any 
member L of X t for which Z‘a exists is a member of Xw Cnv‘ f X, then a is a 
connected point of cx a ‘X, i.e. 

*354 32 h : X e FM. a e s‘G“X . X t rt G‘A a CXv Cnv“X . 3 . a e conx‘cx a ‘X 

The hypothesis X, n CL‘A a C X u Cnv“X would be verified if X were a 
connected family and a were a connected point of X. But we want to be 
able to replace X by G‘T K , which is in general not connected. The above 
hypothesis, unlike \ e FM conx, is satisfied by C‘T K , provided k is open and 
a group and a is a connected point of k (*354*34). Hence it follows that if k 
is a family which is open, connected, and a group, and a is a connected point 
of k, c x a ( C‘T K is open and connected, and a is a connected point of cx a ‘C t 2' , K 
(*354’401). Again, in virtue of *354 312, if X is a family which is a group, 
and a is any member of its field, cx/X is a group (*354-313); hence when 
k is a family which is open, connected, and a group, cx a i C i T K is a group 
(*354 402); and it is easy to prove that it is also a rational family 
(*354'403). Hence, by *353 27, cx/C'T* is a family which is open, 
connected, rational, a group, transitive, and asymmetrical (*354’404). If our 
original family is open and connected but not a group, we only have to 
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substitute k 9 for k, i.e. putting X = k 9 , we only have to take c x a ‘C‘Tn, in 
order to obtain a rational net with all the above properties. This is stated 
in the proposition 

*35441. b : k e FM ap conx ,T e tc^.ae conx'/e . X = tc g . 3 . 

c x a ‘C‘Tk e FM ap conx rt trs asym 

*354 01. fc g = k u Cnv“(/c rt D‘s‘(l“fc) Df 
*354-02. cx a ‘\ = £ (^4 Df 

*354*03. FM grp = FM n * (s s k \ “k C k) Df 
*354'1. b :.Re Kg . = : R e k .v . Re k ,G.‘R = s‘d (t K r(*354-01)] 

*35411. b : K eFMconx. R,S€K.D.R\Se Kg [*331‘33 . *3541] 

*354-12. b : Hp *35411. D f i2 = s‘(I“k .D .R\S = S\R . R\S e K g 
Bern. 

b . *330*52.3 b : Hp . a e con x‘k . 3 . E ! . CP(i2 | 8) = s‘(I u * . 

[*33111-42] D.R\84!k\j Cnv“*. <3‘(# j 8) = s‘<1“k . 

[*3541 .*330-561] 0 . R\Se K g . S\R = R\8 :D b . Prop 

*354*13. l-:Hp *35411. D^R^DbSWCT'* . 3 . .ft | 

Bern, 

b . *331-33 .3b:Hp.3.ft|Se/eu Cnv“« (1) 

I-. *37-323.3 I-: Hp . 3 . CP(ft | S) = s‘d“* (2; 

b . (1) . (2) . *354-1.31-. Prop 

*35414. b : k e FM conx . 3 . s‘K g | li K g C K g [*354'11-12-13-1] 

*35415. b : k e FM conx . 3 . {K g \ = 

Bern. 

I-. *3541 . J b :. Hp . ft, 8 e K g . 3 : 

R,SeK.V.R > 8eK.v.R > SeK.v.R,SeK.a‘R = (l‘S = s‘(l“K (1) 
b . *330-4 . 3 b : Hp . ft, S e k . 3 . ft \ 8 e K t (2) 

b . *331-33-24.3 b :. Hp : ft, Se k . v . R, Se k : 3 . ft \ Se k, (3) 

b.*354-12. 3b:Hp.X,Se«.a^ = a^ = ^a“/t.3.^|^£« t (4) 

b ■ (1) ■ (2). (3). (4). 3 b . Prop 

*354‘16. b : k e FM conx . 3 . te g e FM conx [*3541 -12] 

*35417. b : k e FM ap conx .3 . K g e FM ap conx grp 
[*354-1615-14. *333101] 
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*35418, I- k e FM grp . = : k e FM : R, Se k . 3^ iS . R j Se tt [(*354 03)] 
*35419. b : k e FM grp . 3 . s‘Fot t( K C tt [*35418 . Induct] 

*3542. b : k e Pi/ ap conx .Te/c^.D. C‘T K e Pi/ ap rt cx 
[*35315. *352-3] 

*354*22. h : k e FM ap conx grp . T e .3 . C‘T K e FM ap rt cx grp 
Dem. 

b . *350 62 . *354-18 . 3 h : Hp . R, S, Te * . X, Y e C‘H '. RXT.SYT. 3 . 

(. R\S)(X+ $ Y)T.R\Se K . 

[*306-67.*3o2-3] D.R\SeC‘T K ( 1 ) 

b . ( 1 ) . *352-3 . 3 b : Hp . R,SeC‘T K .3.R\SeC‘T K (2) 

M2). *354-2.31-. Prop 

*354 23 b : * e Pif rt conx . T e . 3 . C"? 7 * = * [*353*13 . *352*3] 

*354*24. b : k e Pif ap conx . T e . X = * . 3 . C l T K e FM ap rt cx grp 

[*354-22-17] 

*354 31. b : X e Pif grp . a e s‘d“\ . S e X . 3 . A a “\ t C S“.4 n “X t 
Dem. 

h . *336-1.3b:. Hp . 3 : & e A a u \ t . 3 . (gP, Q) . P, Q e « . m = P*Q‘a . 
[*330-56] 3 . (gP, Q) . P, Q e * . S‘a> = P‘S‘Q‘a . 

[*354-18] 3 . (gP, R). P, Re * . = P‘P‘r? . 

[*3361] 3. S*x e ^4 a “X t . 

[*37106] 3 '%e'S“A a “\ l :. 3 h . Prop 

*354-311. b : Hp *354-31.3 . S“A a “K C A a “\ [*354*31] 

*354-312. I-:Hp*354-31.3 . S£ (A n “\) = 8 = S[(A a “K) 

[*354-31-311] 

*354*313. b : X e FM grp . a e s‘(I“X . /a = cx a *X . 3 . J C ^ 

Dem. 

b . *354-312.3 

b : Hp . R, S € X . 3 . {R fc (l fl “X t )} f {S £ (i/V)} =(R\8)t (A a “\ t ) (l) 

b .(1). *354-18.3 

b : Hp . P, Se X. 3 . {R £ (A a “K)} \ {8 £ (A a “X t )} e cx a ‘X :3b. Prop 

*354*32. b : X e FM . a e s‘CP‘X . X t n ClC X o Cnv“X . 3 . a e cmix‘cx a ‘\ 
Dem. 

b . *336*1.3b:. Hp . 3 : x ed B “X,. 3 . (gP). L e X t . x ~ L‘a . L e r A‘A a . 

[Hp] 3 . (gP). L eX o Cnv“X . x= L‘a . 

[*330*43] 3 . (g M).M e cx a i \\jCnv u cx a ‘\.% = M‘a : 

[*331*11] 3 : a e conx*cx a ‘X :. 3 b . Prop 
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*354'33. b : X e FM grp . a e s‘<3“X. b e A n ‘% . I) . A „“X t = 

Fern 

b . *9.36-1 . D 

I-: Hp . c e . D . (gP, Q, R, S). P,Q, R, S e k . c = R‘S‘l J ‘Q‘a . 
[*330-56] D . (gP, Q, R, S). P,Q, R,S e k . c=R‘P‘S‘Q‘a . 

[*354‘18] D . (g M,N). M, N e k .c = M‘N‘a . 

[*336-1] D.ceilA (1) 

Similarly b : Hp . c e -4/% . 0 . c e A h “K (2) 

I-. (1). (2). 3 I-. Prop 


*36434. I-: k e FM ap conx grp .TeK^.X= C‘T K . a e conx‘« . D . 

X t « d‘A fl CX wCnv“\ 

Dem. 

I-. *354‘22 . 0 b : Hp . D . X e FM ap rt cx . 

[*353-14] uCnv“*)CX uCnv“X (1) 

b . *331-11-32 . D b : Hp . L e X, « d‘A a Cnv“* . 

[(1)] D . L e X u Cnv“X : D h . Prop 

* 354 * 35 . b : K € FM ap conx .T e . ft = tc g .\~ C ( Tp . a e conx'*: . 0 . 

X t n(I‘A a CXu Cnv“X [*354-34-17] 


*354'4. b : X e FM grip . a e Pd“X . D . cx„ f X e FM. s‘ d“cx/X = A/% 

Dem. 

h. *330-52. D I-: Hp . D . cx a ‘X C 1 —* L (1) 

h . *354-311 . D h Hp . 0 : R e X. D . (HP = A a “K . D ‘R C d‘P (2) 

(-.*354-312 .DI-:Hp.P ! SeX.D.{Pt:(^a < ‘X t )]jj*S T D(^«“M] =s= (^!' Sf )D(^«“X l ) 
[*330-5-52] =(5,^)^^%) 

[*354-312] = {St (A/%)} ; (A a “\)} (3) 

H ■ (3). *330-5 . D b : Hp . D . cx/X e Abel (4) 

b ■ (1) ■ (2). (4) . *330-52 . D b . Prop 


*354-401. F:«f FM ap conx grp . a e cot \x‘tc . T e k- 0 . D . 

cx/CX e PA/ ap conx . tt e conx^cxPC^P* 

Dem. 

(-. *354-4-22 . D b : Hp . D . cx n ‘C‘T K eFM (1) 

b . *354-34-32-2 . D b : Hp . D . a e conx‘cx a ‘C*T K (2) 

b . (1). (2) . *333 101 . D b . Prop 


*354-402. b : Hp *354-401 . D . cx a ‘C‘T K e FM grp [*354-313-22-401] 
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*354-403. h : Hp *354 401.3 . c x a ‘C‘T K e FM rt 
Bern. 

h . *353-12 . *354-2 . 3 

h : Hp. S € C‘T k . \ = C‘F k . 3 . to v) . fi, v e NC ind . v * 0 . S' = T* . 
[*354-312.Induct] 3 . (g/t, v). fi>v€ NC ind . v 4= 0 . 

{St ( A“K )}" = S* l (A a “K) = T»t (A“\) = {?t {A a “\)}* . 

[*350-43.*354-401] 

3 . to v) .n.ve NC ind . v 4= 0 ■ Ua“\)} to) \ T D (A a “K)] (l) 

h . ( 1 ). *353‘1.3 h . Prop 

*354404. h : k e FJI/ap conx grp . a e conx'/e .Tetc^. 3 . 

cx/O'jPk e FM ap conx rt grp trs asym [*354-401-402-403 . *353-27] 

*354*41. h : * e FM ap conx . T e . a e con x‘k . X = tc g . 3 . 

c x a ‘C‘T A e FM ap conx rt trs asym [*354'17'404] 
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*356. MEASUREMENT BY REAL NUMBERS. 

Summary of *356. 

In this number we consider the application of real numbers to the 
measurement of vectors in a family. The principle of this application is 
as follows: If a given set of vectors, all of which are rational multiples of a 
given vector R t have a limit with respect to U Kt and if their measures 
determine a segment of H , then we take the real number represented by 
this segment as the measure of the limit of the given set of vectors. 
For the sake of homogeneity with rational measures, it is well to take our 
real numbers in the relational form given in *314; i.e. if f e we take 
as the corresponding real number. With a suitable hypothesis, the 
result of the above principle for applying real numbers is, where rational 
multiples of the unit R are concerned, to replace the ratio X by the 
rational real number as the measure of the vector X £ k‘R 

(cf. *356'63). Then the measure of the limit of a set of rational vectors 
will be, by our principle, the limit of their measures. Thus our principle is 
conformable to what is required for an application of real numbers. 

It should be observed that, if any application of irrationals is to be 
possible, it is necessary that the vectors of the family concerned should 
have a serial or quasi-serial order, independently of the order generated by 
their measures. The order generated, among rational multiples of T, by the 
ratios which are measures of these multiples, is T K (cf. *352). A vector 
which is not a member of C‘T K cannot be the limit of any set of vectors 
wun respect to T K . But we saw (*352*72) that if * is a serial family, 

T K = U K tC‘T K . 

Hence when k is a serial family, a vector which is not a member of C‘T K 
may be the limit of a set of members of G ( T K with respect to U K . It is the 
existence of an independent series U K) not generated by measurement, which 
makes the application of irrationals as measures possible. 

The following phraseology may be found convenient. Taking a unit T 
in a family k, and an origin a in its field, if X eC‘H' and S—X £ /c‘T and 
x = S*a = (X £ K*Tya, we call X the “rational measure” of S and the 
1 rational coordinate ” of x. We have, in the same circumstances, 

ft = * 1 A T ‘X . .r - A a‘S - A n ‘* 1 A r ‘X. 
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We will call S the vector of X, and x the point of X ; and the same 
phraseology will be employed for the vectors and points obtained by 
measures which are real numbers. We may now state the principle 
according to which we apply real numbers as measures as follows. Given 
a segment f of H, take all the vectors of f’s : these form the class k n A T “%. 
Then the real number s'f is to be the measure of the limit (with respect 
to U K ) of the class k n A T “%. Since U K has the opposite sense to that of T K , 
i.e. U K proceeds from the vectors with bigger measures to those with smaller 
ones, the limit we shall have to take will be the lower lim. with respect to 
U K . Thus the vector whose measure- is will be 

prec ( U k )\k n A T “f;). 

Now if we put X = s*i;, A T U J~ = X‘T, and X is a relational real number. 
Hence using *206-131, the vector whose measure is X is prec (U K yX‘T. 
Hence if “ X K ‘T” represents the vector whose measure is X (unit T ), 
we put 

*35601. X^prec^jXf* Df 

Assuming now that k is a serial subtnultipliable family, in which we take 
R as the unit and a as the origin, and putting, for notational convenience, 

P= U K .Q = s‘ Kd , 

we have first a set of preliminary propositions (*356'1—'191), of which the 
most important are 

H' = (C‘H')1 l A n '>P=(C‘H / )'\A R ’>A a ’Q (*356 13), 

(*356-14), 

giving the relations between the series of ratios, the series of their vectors, 
and the series of their points. 

We proceed next (*356'2—-26) to the proof that X^f/tel —>1. This 
requires, in addition to our previous hypothesis, that Q should be semi- 
Dedekindian. With this hypothesis, we first prove that if X, V are 
relational real numbers, 

d‘X K = C[‘ Y, = : X K = Y k . = . X = Y (*356-21). 

We then prove, by the help of some arithmetical lemmas, that the lower 
limit of the submultiples of a given vector is the zero vector, i.e. 

tl/£ {S 6 * : ( a v ). R-=S V )= I [ C‘Q (*356-22). 

Hence we easily prove that, if R is any non-zero vector, and X is a class 
of vectors having a lower limit L, the lower limit of the relative products of 
R and members of \ is the relative product of R and L, i.e. 

XCk . L = ttp'X . R e Kd . 3 . R \ L = tl P ‘R \ (*356-221). 
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Remembering that the relative product is represented arithmetically by 
the sum, we may express the above proposition by saying that the limit 
of the sums of a given vector and a set of vectors is the sum of the given 
vector and the limit of the set. From this proposition we easily deduce that 
if RPS, X K ‘R X k ‘S, whence it follows that 

X K T * e 1 -»1 (*356-26). 

Our next set of propositions (*356"3—33) is concerned in connecting the 
relative product of X K and Y K with the arithmetical product X x r Y, where 
“ x/’ has the meaning defined in *314. Here we only require that tc should 
be serial and submultipliable, and we obtain 

X K \ 7 t = (Ix r 7). (*356-33). 

This proposition is the analogue of *351‘31 (except that k, is replaced by tc ); 
it has a similar importance, and calls for similar remarks. 

Our next set of propositions (*356 4—43) is concerned in proving that 
the limit of the points of a segment of ratios is the point of their limit, in 
other words, that the limit of a set of points whose coordinates are a segment 
of rationals is the point whose coordinate is the limit of the segment. Here 
we again require that our family should be semi-Dedekindian; then if f is 
a segment of ratios, and X = s'f, the above proposition is 

( X K ‘R)‘a = seq Q ‘A a “A R “% = seq JAJ'X'R (*356‘43). 

Here X K ‘R is the vector of X, (X K ‘R)‘a is the point of X; A R “$; =X‘R, 

and each is the class of vectors of members of £; and A a tc A R u fj or Aa^X^ 
is the class of points of members of Moreover X is a relational real 
number. Thus the above proposition states that the point of X is the 
segment ( i.e . the limit) of the points of the ratios contained in X ; i.e. of the 
ratios which may be considered less than X. 

We next proceed (*356*5—-54) to connect the relative multiplication of 
vectors with the addition of their measures. Here we require that tc should 
be semi-Dedekindian as well as serial and submultipliable. We then find 
that if X, Y are relational real numbers, and R is a non-zero vector, 

(X k ‘R) | ( Y k ‘R) = (X + r Y\‘R (*356-54). 

This proposition is the analogue of *351-43, and calls for similar remarks. 
The proof proceeds without much difficulty by means of *356'43. 

Finally we have a set of propositions (*3566—”63) to prove that the real 
number which measures a rational vector is the real number corresponding 

to tne ratio which is its measure; i.e. if X is a ratio, the vector which has 

—► 

the ratio X to the unit has the real number s ( H*X for its measure. It is to 
be remembered that rational real numbers must not be identified with ratios, 
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any more than integral ratios (i.e. ratios oi the form vfl) must be identified 
with cardinals. The real number corresponding to a ratio X is s‘H‘X ; this 
is what we call a “ rational real number.” In measurement, when we are 
measuring by ratios, if R is our unit, X will be the measure of X £ k‘R ; but 
when we are measuring by real numbers, the measure of X £ k c R must be a 
real number. The real number which is the measure of X £ k*R will, by our 
definition, be a real number Z such that 

X £ k‘R = prec ( U k )*Z c R. 

Thus we have to prove that, if X is a ratio, the above equation is satisfied if 

—> 

we put Z = s i H t X. This requires that k should be serial, submultipliable 
and semi-Dedekindian ; we then have 

X e&H .{s<H‘X) K =Xt K (*356-63). 

> —^ 

Thus although the “pure” real number s'iaT'X is not identical with the 

“pure” ratio X, yet the “applied” real number (s‘H‘X) K is identical with 
the “ applied ” ratio X £ k. This fact explains why the results of the habitual 
confusion between a ratio and a rational real number have not been even 
more disastrous. 


*356-01. X^prec^lXf* Df 

*3561. h:. Reie.D:S = X K ‘R. = .S = prec(U K )‘X‘R [(*356-01)] 

*35611. h R e k . D : S = (s‘£) K ‘R . = . S = prec ( U K )‘A 
[*356-1 .*336-12] 

*356*12. b k e FM sr subm . 

X", Y € C‘H ! . R e K d . a <■ s‘<T“* . Q = s ‘. P = V K . 0 : 

XH'Y. = . (X £ k‘R) P (Y C k‘R) . = . {(X l K'Rya) Q {( Y £ K‘R)‘a\ 
[*352-73. *336-4] 

*356*13. b : k e FM sr subm . R e K d . a e . Q = s‘/c$ .P~ U K .~5 . 

H' [*356 12] 

*35614. b : Hp *356*13 . D . P l C‘R K = * ] A n >H' [*352*72] 

—► —> —> 

*35615. b : Hp *35613 . \ C C‘H . X = s ‘\. 0 . max/X‘£ = * 1 A n ‘‘ max H ‘X 
Dem. 
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*35616. h : Hp *356*13 . \ e C‘0. X'= s‘\ . D . ma \p‘X‘R = A [*356*15] 

*35617. h:Hp*356-16.D.Z, = ltp!?| fc C f i J [*356'16] 

*35618. h : /c e FM counex . D . X K € 1 —» CIs 
[*206 161 .*336*62 .(*353-01)] 

*356 19. h « e FM si- . P = U K . D : Z € C‘H . D . Z £ WP C P 

Dent. 

h . *336*511 . D h Hp . P, S e k . /a, v e NC ind —CO . Z = fjujv . 3 : 

PPS. = . P*P$* . 

[*350-43] D : PP#. 1/ = (WO D ^ ■ N = (WO D K ‘ S ■ 3 ■ ■ 

[*336*511 ] D . 3/Pi\7D I-. Prop 

*356*191. h : Hp *356 19 . X e k“C*® . D . X £ * \ P C P | X £ * 

Devi. 

h .*356*19. D 

h:. Hp.D :\eC‘0.X = C\.£e\. ^ k\P d P \Zl k\. Z> h . Prop 


*356*2. h : Hp *356:16 . /a e C‘%. LeX — p,. 1> . k \ A R ‘L e p‘P“A R “p 
Dent. 

*310*11. D h: Hp.D.Zep‘P‘V 
[*206*6.*352*12] D . *1 

[*356*141 D . k \ A r ( L e p i P“A R “p : D h . Prop 


*356*21. h tc e FM sr subm . Cnv ( s ( K~ a e semi Ded . X, Ye s“C‘<& . D : 

( VX K = <1‘Y k = K d : X K = F,. = . X = F 

Dem. 

h. *356-16. *214*7. D 

b:Hp .\,peC*®.X=s‘\. Y= s‘p . R e k s . D . E ! X/P . E ! F K ‘P (1) 
h.(l). *356*2. Dh:Hp(l).P= P,. g ! \ - p . D . (7/P) P^T/P) (2) 
Similarly h : Hp (1). P = P«. g ! p - \ . D . (X/P) P (F/P) (3) 

I-. (1). (2). (3). D h : Hp (1). X/P = F/P . D . X = /*. 

[Hp] D.X=F (4) 

h . (1). (4). D h . Prop 


*356*211. h : er, t e NC ind — CO . v e NC ind — CO — Cl . D . 

(o- + c t)" > O v + 0 (v x c <7 v -^ 


Dem. 

I-. *113*43*66 . *116-34 . D h . (o- x c rf = a* + c (2 x c <r x c r) + c t* 
h . *126 - 5 . D h :. Hp , D : (a + c t) v > a v + c (v x c a v ~ rl x c t) . D . 

(a + c t ) v+ ‘ 11 > o* ’ ,+cl + c (^ X c <r v X c r) + 0 ( <r v x u r) 
h.(1). (2). Induct. D h . Prop 


x 0 t) 

( 1 ) 

( 2 ) 
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*356212. b: p > a . p, a, NO ind . D . (gy) . v e NC ind . p y > a v x c £ 

Dem. 

I-. *356-211 . D 

1“ : Up . NC ind . p = o- + c t . D . p v > o- 1 ' -1 - 1 x c [a + c (y x c r)j (1) 

b . (1). *126*51. D b : Hp (1). a + c (v x c r) > a x c £. D . p v > o- 1 ' x c £ (2) 

b.(2). *113-43 . *120-416 . *126-5 . D 

I" : Hp (1 ).fx 0 t>( 7 x c (f- e l).D.^>(r' x 0 £:Db. Prop 
*356213. h : p^> a . p,a, ^,7] e NO ind .?/=}= 0.D . 

(gw). v e NO ind . p 9 x c >, > a v x c £ 

Deni. 

f-. *356-212 . D h : Hp . D . (gy). y <? NC ind . p v > o' x c £: D b . Prop 

*356 214. b : p, a *- NC ind - t‘0 . p > o-. X e . D . 

(gy) . v e NC ind . ( pja) v HX [*356"213J 

*356 215. b : X e . p, a e NC ind — P0 . p > a . D . 

(gyf) . I e X . A' x 8 pj<T<^€\ 

Dem. 

b . *305 142 . Induct. D b X C C‘H . g ! X . v e NC ind — t‘0 : 

ZeX. D x . X x s pjcr e X.: D : X e X . ^ x s p 1 '/ 0 ''’ e ^ : 

[*356-214] 3:H“X=C‘H (1) 

b . (1) . Transp . D b . Prop 

*356 22. b : Hp *356*13 . Q e semi Ded . D . 

tl pS [Sex: (gy). R = S'} = 1 [ C*Q 

Dem. 

b . *336*511 . D b Hp . L = tlpSS {(gy) ■ R = N 1 '} . p,, v e NC ind — i‘0 ■ 3 : 

S 6 /c. &**' = R . D . L y PS 9 : 

[*301-5] hTeK.T* = R.3.L>'PT: 

[Hp] D : L y P*L (1) 

b . *337-21 . D b : Hp . y e NC ind — 00 - Pi . Z e /eg . D . LPL V (2) 

b . (1) . (2) . 3 b : Hp . D . L ~ e « a : D b . Prop 


*356 221. b : Hp *356 19 . Q = -s-Vg . \ C k . L — tlp‘A . R e xg . D . 

R | 


Dem. 

b . *33415 . *336 411 , D b Hp. D : ZP.M. D . (R \ L) P (R \ M) : 

[Hp] D:Me\.^.(R\L)P(R\M)z 

[*37-61] "5 : R\“\ C*P‘(R j L) (1) 
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b . *336*41 . D b : Hp . (R j L) PM . D . (giV) . N e . M ■= R \ L \ N. 

D. (giV) . N e /c d . R \ M = L\N. 


[*330-31] 

[*336-41. *334-13] 

[H P ] 

[*336-411.(2)] 

[*37-1] 

I-. (1) . (3) . *207 21 . D b . Prop 


: l.LP(R\M).R\MeK d . (2) 

l.(RN).Ne\.NP{R\M). 

3.{%N).Ne\.(R\N)PM. 

D .MsP“R\“\ (3) 


*356-23. b : Hp*356'22. RPS .D.(gv).veNCind-t‘0. [ J(*/+ 0 1)/*} £ k ( R]PS 
Bern. 

b . *356 22-221. D b : Hp . A = f[Te k : (gi/). R = T *\. D . tl/fi j “\ = £. 
[Hp] 

[Hp] D . (g*). c NC ind - t‘0 . {i2 | (l/ v ) [ k<R) PS . 

[*350-62.*334-32] D . (gi>). e NC ind - /‘0 . [{(v + 0 1 )fv) £ k'R] PS: D b.Prop 

*356-231. b : Hp *356’23 . D . (gp). v e NC ind - P0 . &P [{(*/ - 0 1)/!/] £ /c‘i2] 
[Proof as in *356’23] 

*356-24 b : Hp *356-23 . X e s“C‘@ . D . X K <R 4= X/S 
Bern. 

b . *356-23 . D b : Hp . X € C‘@ . X = s‘\ . D . 

(gp, a), p, a e NC ind — FO . p > a . j(p/<x) £ /Pi?} . 

[*356-215] D . (gp, a-, Y ). p, a- e NC induct — CO . p > a . Fe A. Fx*p/<r ~ eA. 

4 - 

[*336-511] D.^gpjtr, F).p,o- e NC ind—F0.p>o-. Fe A. Yx s pja ep ( H“\. 
\YtK‘(pj*)tK‘R}P{YtK‘S} : 

[*351 31.*356’13] D.(gp )0 -, F). F£ «‘(p/ ff ) D ep**P“~X‘R rs P“~X‘S . 
[*356 1] D . X/i2 4= F/i2 Ob. Prop 

*356-25. b : Hp *356 22 . X e s“C<® . D . X/iZ G Q 
Beni. 

b.*356-1-21 . Db : Hp O . X K ‘jft e (1) 

b. (1). *4M3. Db. Prop 

*356*26. b : Hp *356*25 . D . X K 1 —» 1 

Bern. 

b . *356*24 . Transp . D b : Hp . R, Se . X K ‘R= X K ‘S . D . £ = & (1) 
b.(l). *356-18-21. Db. Prop 



SECTION C] MEASUREMENT BY REAL NUMBERS 449 

*3563. b :. k e FM ap conx subm . s‘ Pot* V C k . y> t v e C"0 . R, S e k . D : 

R x r £‘v) *8 . = . R [ k (s‘v)} 8 

Devi. 

b . *314-14 . *313*21Ob: Hp . D . Py. x r P» = sV/a x, “v (1) 

b . (1). D b :. Hp . D : R ( s‘p x r s‘v) S. = . (gjtf, N). Mep.R e v .R(Mx s N)8. 
[*351-31*22] = . N) . M e p . N e v . B (Jlf p * [ K) £ D b. Prop 

*356*31. b ; k e FM ap conx subm . i'*Pot“/c C k . X, Ye s“(7‘0 . D , 

(Xx,. F)D* = (Xt*)|(F[» [*o56'3] 


*356-32. f- : * e FM sr subm . X, Ye s“C‘ 0 . P e K d . D . X/ F/P = (X 1 Y) K <R 
Bern. 


b . *356"191 
[*37-63] 
b . *305*6. 


[*356*12] 

[*356*17] 

[*356-19] 

[Hp] 

b.(l).(2) 

[*356-1] 


. D b :. Hp . D : 8 e k * Y ( R . D . /c a X‘S C P“X‘YSR: 

D : X“(* a PJ2) C P“~X‘Y K ( R (1) 

D b : Hp .\eC<®.X = s‘\.Z,Z'e\. ZHZ'. D . 

Z £ Y K ‘R = Z f £ k\Z\Z‘) t K< Y K ( R . 
D.Zt^Y^ReZ’lK^YYR. 
3 .Z\;k‘Y k ‘R€Z’\,k“P“Y‘R. 

D.Zt k‘Y k ‘R e P (( Z' £ k“ 7‘R . 
3.ZtK‘Y K ‘ReP“X“~Y‘R (2) 

D b r Hp . D . P“X“~Y‘R = P“X‘ F c ‘i2. 

D . (X j F)/P = X/ F/P Ob. Prop 


*356*33. b : Hp *356*32 O . X* j Y K = (X x r F), [#356*31*32] 

*356*4, hue FM conx . Q = CnvVxg .Se k. a C . g ! a . E ! seq^a . D . 

^seq^a = seqg‘>S“a 

Dem. 

h . *330*563 O b : Hp O . &‘seq e ‘a e p?Q“S“a (1) 

b . *37 1 . Db::Hp.D:.^e Q“pHj“S“ a . = : 

(ay): » c <* O* . S‘xQy : yQS‘z : 

[*330-542] = : (gw): x e a O* . S ( x Q S‘w : S‘w Q S ( z : 

[*208-2] = : (gw): ® e a O* . xQw : wQz : 

[*37*1] = : z e (2) 

b . (2). Transp Ob:. Hp O : z ~ e . = . 8*z ~ e Q (i p‘Q u 8“a (3) 

b . (1). (3). *330-542 Ob. Prop 


R. & W. III. 
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*356*41. b :.K€ FM conx trs . P = U K .Q- s‘k' c . a e C‘Q . X C k . g ! X . D : 

N = seqp'X. = . X e k . seq/.l/'X = N‘a 

Dem. 

b . *336*43-2 . *206 61. D 

h Hp . D : N= seq/X . = . Ne k . A a f N — seq (Q £ A a “ic) (1) 

h . *206‘211 . D b : Hp . t = seqgM a “X . D . (gi2). R e X . R‘aQb . 

[Hp] :>.( 3 S).£e;c.6£a. 

[*33611] D.fceiA (2) 

h . (1). (2) . D h Hp . D : N = seqp'X .zi.Nck. A a ‘N ~ seq e M a u X (3) 
h. (3). *336-11 .Dh. Prop 

*356*42. h : Hp*356’41 . E ! seq/X . D . (seqp‘X)‘a = seq c M ft “X [*356’41] 
*356-43. b : Hp *356’22 . f e C‘& .X = s‘%.at C‘Q . D . 

(. X K ‘Rya = seq^^M^f = seq <F-1/‘X‘X 
[*356-4211-21 .*336-12] 

*356-5. I-:Hp *356-22. 

X, F e .aeC ( g.i2 e *.X = /cnX‘i2.^=*n I"i2 . D . 

—> —> 

(X/i2)‘( Y K ‘R) ( a = seqg's'X'seqQ^/Fa 

Dem. 

b . *356-43 . *33612 . D h : Hp . D . (X ( /jR) < (F/.RFa = seq</s‘X‘( Y K ‘R) ( a 
[*356-43.*33612] = seqeVX'seqo'iV'a Of - . Prop 

*35651. I-: Hp *356*5 . D . (X + r Y) K ‘R = seqpVX ) 

Dem. 

b . *35611 . *31413 . D b : Hp . f V e . X = . F = a-S; . D . 

(X + r F)/ J R = seq/l fl ^+ (l 7 7 ) 
[*312-32.*311 11.*308-32] = seq p‘A r “s‘Z+ s “v 

[*336-11] = seqp'X {( a Z, ilf). X e £. M e v • X = (L +, M ) £ k‘R) 

[*351-43] = seq P ‘N f( a Z, M). L e %. Me V . N=(L[, k‘R) \ (Mi k‘R)\ 

[Hp] = seq/X [( a C7, TP). UeX . W e p. X = U\ TP}:Dh. Prop 

*356*52. b : Hp *356’5 . D . [(X + r Y) K ‘R}‘a = se q<f ‘(s‘X)“iya 
Dem. 

I- .*356-51. D b : Hp . D . {(X + r Y) K ‘R\*a — (seq P VX \ 

[*356-42] = seq^-lj/VX | ‘ V 

[*336-11] = seq c ‘& }( a X, F).X e X . Ye jj..x = (X\ Y) c a } 

[*41*11] = seq</& {( a X) . X e X . x e X“s f yw <a } 

[*41-11] - seq Q t (s f \y ( 8 t iJ t t a : 3 b ■ Prop 
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*356 53. h : Hp #356*5 . D . seq c VX‘seq«/s‘/Pa = seq</(PX)“s‘/A‘a 
Bern. 

h . #356*16 . D h : Hp . D . seq/s'X/seq^s'p/a = lt</s‘X‘seq,/p,iPa 
[*41*11] = It 'tyX {( a Z). L e X . x ~ Z'seq^s'/Pa} 

[*356*4] = lt</£ {( a Z). Z e X . x = seq^Z^s'/Paj 

[*356*16.Hp] = 1^*5; [( 3 Z) . LeX.x = lt/Z'OP/Pa} 

[*207*55] = It^Va f(gZ). Z e X.. a = Z“s‘p.‘a} 

[*41*11] — ltg‘(PX)“.sVPa 

—> 

[*356*16] = seq^PXp'P/P^: D h . Prop 

*356*54. h : k e FM sr subm . Onv‘sV 0 e semi Ded ,X,Ye P‘C‘® . R e . D . 

{X k ‘R) \{Y k <R) = (X +, Y) K ‘R [#356*5*53*52] 


*356*6. h : k e FM sr . R e *g . P = £/*. Q — s‘k^ . X e G ( H. D . 

Dem. 

h . *37*6 . D I-Hp . D : M tA K “H‘X . = . ( a F). FffJ . ifFi2 . 

[#352*7] D. JZP(X £*'£):. Dh. Prop 

*356*61. h : Hp *356*6 . k e FM subm . Q e semi Ded . SP (X £ k ( R ) . D . 

OF). YHX .SP(YIk ( R) 

Bern. 

h . *356*231 . D h : Hp . D . (gr). * e NC ind - P 0 . SP [{(* - c 1 )/„} £ k ( XI k'R] 
[*351*31] D . ( 3 !/). i/eNCiud - P0 . SP [{(v - 1 )fvx g X}t k‘R] 

[*305*71*51] D . ( a F). FM .SP(Yt k‘R) : D h . Prop 

*356*62. h : Hp *356*6 . k e FM subm . Q e semi Ded . D . 

P*X t k ( R C P“A r “H‘X [*356*61] 
*356*63. h : Hp *356*62 . D . ( s‘H‘X )«= X £ k 
Bern. 

h . *356*6*62 . D h : Hp . D . X t^R = it P ‘A M “H‘X . 

[*356*11] D.XtK‘R = (F~H‘X) K ‘R (i) 

h.(l). *356*21 . Dh .Prop 



*359. EXISTENCE-THEOREMS FOR VECTOR-FAMILIES. 


Summary of *359. 

In this number we prove that, assuming the axiom of infinity, there are 
vector-families of the various kinds considered in previous numbers. 

If P is any well-ordered series having no last term, the converses of the 
interval-relations, ie. the class finid'P, form an open family of (7 < P(*359T1). 
If P is a progression, this family is serial and initial (*35912). 

The family consisting of additions of positive ratios to positive ratios 
(including O q ), ie. consisting of all terms of the form (+ s X) £ G f H', where 
X eC ( H', is initial, serial, open, and submultipliable (*359'21), assuming the 
axiom of infinity. The family consisting of generalized additions of positive 
ratios to generalized ratios is serial, open, and submultipliable, but not initial 
(*359-25). 

The family consisting of multiplications of positive ratios not by positive 
ratios not 0 q is open and connected, but not serial or submultipliable (*359'22); 
if we confine the multipliers to ratios not less than 1/1, the family becomes 
serial (*359-25). 

The family consisting of additions of positive real numbers to positive 
real numbers (including i*0 q ) is serial, initial, and submultipliable (*359 31); 
the family consisting of generalized additions of positive real numbers (including 
i‘0 q ) to generalized real numbers is serial and submultipliable, but not initial 
(*359’32). Similar propositions hold for multiplication, provided P 0 q is 
omitted; but the resulting families will not be serial. In the case where 

the field is. confined to positive real numbers, however, the family becomes 

—> 

serial if the multipliers are confined to such as are not less than H\ 1/1), 
which is the real number 1. 

The last set of propositions in this number (*359'4—-44) are concerned 
in proving that, given a family k whose field is /S, if S is a correlator of 
a and /3, Sf is a family whose field is a, and which has the same properties 
of being connected, open, etc. as the original family k. Hence if k is a family 
whose field is the real numbers, and we are given any class a similar to the real 
numbers (in other words the field of any continuous series), if S is the correlator 
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of this class with the real numbers, S\ (i tc gives a family whose field is a. Hence 
from our previous existence-theorems we derive the existence, for a, of an 
initial serial family, giving us a system of measurement for a. Similarly 
if a is similar to the rationals. 


*3591. b : P e n . ~ E ! B*P . D . finid'P e Cl ex'cr ‘C‘P 
Dem. 

I-. *260-23-28 . D f-: Hp. D . finid'P C 1 -* 1 (1) 

b. *121-302. D b : Hp . D . D'P 0 = C"P (2) 

I-. (2). *121-302 35 . *260-28 . D 

b : Hp . v e NC ind . D'P„ = C"P . D . D'P v+a = C"P (3) 

b • (2). (3). Induct. D b : Hp . R e finid'P . D . D'P = C‘P (4) 

b. *121-322. D I-: R e finid'P . D . <1‘P C C ( P (5) 

. (1). (4). (5). *330-1. D b . Prop 

*35911. b : P e H . ~ E ! P'P . D . finid'P e fm ap'C'P 
Dem 

b . *260-28 . *121 352 . D b : Hp . D . finid'P e Abel (1) 

b.*7119. D b : Hp . u, veNC ind . g ! P* j P„ f\J. D . /* =f v (2) 
b . *121-35 . D b : Hp (2). ^ > v . D . P„ | P v G P ^-, v . 

[*91-6.*121-36] D . (P* | P,)po C / (3) 

Similarly b : Hp (2). v > ft . D . (P„ | P„) p0 C / (4) 

b. (2). (3). (4). D b : Hp . L e(finid'P\ a . D . C J (5) 

b . (1). (5). *359-1 . Db.Prop 

*35912. b : P e « . k - finid'P . D . k e fm sr init'C'P . s‘ic d = P 
Dem 

b . *263-14141 . *122-1. D b : Hp . D . M‘P = C‘P (1) 

b.*263-14141 . Db :Hp.D.s‘/c 0 = P. (2) 

[*334 31.*359*11] D. * e FM sr (3) 

b . (1). (2). (3) . *335-14. D b . Prop 


*359-2. b : Infin ax . * = P |(gX). X eC‘H' .R = (+,X)t C‘H 'j . =>. 

K € FM. S ( K d = H' 

Dem. 

b . *306-54-25 . *304-49 . D b : Hp . D . k C 1 — » 1 (!) 

b . *306-25 . *304-49 . D b : Hp . Reie.D . d i R=C ( H' . D'P C <?'#' (2) 

b.*30611-31 . 3b:Hp.P,Se*.D.P|S = S|P (3) 

b. *306-52. 3b:Hp.D.s‘« a = H' (4) 

b • (1) - (2) ■ (3). (4) . D b . Prop 
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*35921. b : Hp *359‘2 . D . tc e XM init sr subm . = ff' 

Dem. 

b . *306 ; 24 . D b : Hp. D . *V0, = Off' (1) 

b . *306-41 . D 

b Hp . X £ Off' . n e NC ind - i‘0 . S = {+* (X x 4 1 jv)} £ Off'. D : 

S* ={+,(* x*W^)l C C"#' ■ => ■ ^ +|1 = |+.(A r x s ^7l /„)} t Off ': 

[Induct] D : $* = [+ S (X x 8 fi/v)} £ C ( H': 

[*305-51] D : S* = (+ f X) [ Off' (2) 

b . (2). *351 1 . *359-2 . D b : Hp . D . « e FM subm (3) 

b . (1). (3). *359-2 . *334-31 . D b . Prop 

*359*22. b : Infinax . k = R {(gX). X e Off'. R = (+, X) £ Off,}. D . 

k e FM sr subm . = ff ( , 

The proof proceeds as in *359 21, but in this case there is no origin. 
Every member of k is a connected point, i.e. a member of conx'/c. This 
results from *308-54. If, in *359-21, we substitute ff for H', the proposition 
holds except that k has no origin. 

*359 23. b : Infin ax . * = R {(gX). X e Off. R = (x. X) £ Off}. D . 

k e FM ap conx 

The proof proceeds as in *359"21. We have to take ff instead of ff', 
because (x,0 9 )£Off' is not 1 —* 1. We do not get /ceffMsubm, because 
not every rational has a rational i/th root. 

*359*24 b : Infin ax . 

k = R {(gX). X e Off, - i< % .R = (x g X)t (Off, - i‘0 fl )}. D . 
k e FM ap conx 

The proof proceeds as in *359*23. 

*359 25. b : Infin ax . k = R {(gX). (1/1) ff*X . R = (x 8 X) l C‘H }. D . 

K€FMsr . S ( Kfi = ff 

The proof proceeds as in *359*21. 

*359-31. b : Infin a &.k = R {(g fx ). M e O0'. R = (+„ fx) £ O0'j . D . 

k e FM sr init subm . s‘k s = 0' 


Dem. 

b. *311-74. D b : Hp . D . * C 1 —* 1 (1) 

b. *311-27. D b : Hp . ff e ac . D . d‘R = O0'. D‘R C 00' (2) 

b . *311 -43 . D b : Hp. D . t*0 q £ O0' = init‘* (3) 

b. *31112-121. Db:Hp.:>.*e Abel (4) 

b, *31165. Db:Hp.3.s‘ie0 = «' (5) 
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(-. (I) . (2) . (8). (4). (5). D b : Hp . D . FM sr mit. s‘k s = ®' (6) 
f-. (6). *310-151 .*351-11 . D b : Hp . D . * e FM subtn (7) 

b . (6). (7). D b . Prop 

*359-32. b : Infin ax . « = R {( a/4 ). ^ e C‘0' .R = (+ af i)t . D . 

k e FM sr subm . s‘/c 5 = 0 ff 

The proof proceeds as in *359'22. Similarly the analogues of *359’23-24'25 
can be proved for real numbers; the resulting families, in these cases, will be 
submultipliable, but it will be necessary to omit t‘0 ? from their fields. 

*3594. b : k € Cl ex‘cr7? . 8 e a sm &. D . Sf u k e Cl ex‘cr‘a 
Dem. 

(-.*330-1 .*71-252. Db:Hp.D.S+“/cCl-»l (1) 

b . *150-21-211 . *3301. D b : Hp .Re Sf“ K . D . a‘R = S“/3 . D ( R C d‘P. 
[*73 03] D . (PP = a . D‘P C a (2) 

b. (1). (2). *330-1 . Db. Prop 


*359401. b : * e Abel. 8 e Cls 1 . s‘d“* Cd'S.D. Sf“ic e Abel 

Dem. 

b . *72-601 . D b Hp . D : P, Q e* . D . P | S j S = P. Q| S| S = Q ■ (1) 

[*150-1] D.^fPXCflftO^-SflPigiS 

[*330-5] = 8\Q\P\S 

[(1 ).*150’1] =(SfQ)\(S+P) (2) 

b . (2). *330-5 . D b . Prop 

*35941. b : * e fm‘@ . 8 e a sm 0 . D . S\“k e fm‘a [*3594401 . *330-51] 

*359411. b : « e FM . a e conx‘« .Se 1 -» 1 . 8*0.“ k = d‘£ .1.S‘ae conx‘St“* 
Dem. 

b. *15111 . Db:Hp.P = ^;p«.D.^ePsmor(^/c). 


[*151-33] 

[*331-1] 

[*330-13.*150-211] 

[Hp] 

b . *150-10 . D b : Hp (1). D . P 
b. (1). (2). *331-1. Db. Prop 


D . P ( 8‘a yj P‘S‘a = &“s Va w S“s*K‘a 
= s“s< d“* 


= d‘P (1) 




( 2 ) 


*359412. b : k e fm conx‘£ . Se a sm . D . e fm conx'a [*359-41411] 
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*359413. h : k e FM ap . S e 1 -> 1 . s‘G ‘‘k = (I‘S . D . S+“« e FM ap 
Devt. 

h. *72-601. Dh:K v .P,Q€K.l.(S m >P)\{S‘>Q) = S'>(P\Q) (1) 

f-. (1) .*150-4 . D h : Hp (1). g ! (S> P) 1 (S> Q) n J . D . g ! P | Q A J . 
[*333101] D^PIQ^GJ. 

[*200-21] O.SHPlQ^dJ. 

[*150-83] ^ D.{S m >(P\Q)\voGJ ( 2 ) 

h . (1). (2). Dh:.Hp.D:Z, F6St“*.a!Z YnJ.1.(X F) p0 G/( 3) 
h. *359-4. Dh:Hp.3.Sf“*€W (4) 

t-. (3). (4). *333-101.3 h . Prop 

*359-414. h : ac e PikT. 5 e 1 —► 1 . s‘G“ * = G‘£. a = init‘/c. D . S‘a = i nit‘£f 
[Proof as in *359'411] 


*359"415. h : k e Pilf subtn .S el— ► 1. G‘$ = s f G“/c . D . S f € Pi/ subm 
Dem. 

h. *301-21. 3 h : Hp . F e * . e NC ind . D . Y y+cl =Y V \Y (1) 

h . (1). *72-601 . D h : Hp . Si Y v = {S’> Yf . D . & F'+ cl = (SJ F)^- 1 (2) 

h . (2). Induct. Dh:Hp(l).D.*Sf;F‘' = (S5F) 1 ' (3) 

h.*3511 . Dh:Hp. I A e NCind-PO.Xe«.D.(aF).Z=F 1 '. Yck. 

[(3)] D.( a F).F6A f .^;Z = (^F)-' (4) 

h . (4). *351 1 . *359-41 . D h . Prop 


*359"42. h ; g ! fm conx ap subm‘£?. a sm /3 . D . g ! fm conx ap subm'a 
[*359-41-412-413‘415] 

*359*43. hiPei+^.D.g! FM init sr subm n k (s‘k s = P) 

[*359-42-21-414 . *274-44 . *12318 . *30417 . *273 4] 

*359*44. h : Nr‘P + 1 = 6 .3 . a ! FM init sr subm n h (s‘x^ = P) 
[*359-42-31-414 . *275 3 . *310-15 . *204-47] 
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CYCLIC FAMILIES. 


Summary of Section D. 

The theory of measurement hitherto developed has been only applicable 
to open families. But in order to be able to deal with such cases as the angles 
at a point, or the elliptic straight line, we require a theory of measurement 
applicable to families which are not open. This theory is given briefly in the 
present Section. 

When a family is not open, two vectors which have one ratio will usually 
also have many others, i.e. we shall not have = F, 

where X, Y are ratios. Also a ratio confined to the family will not usually 
be one-one. Under these circumstances, it is necessary, if measurement is to 
be possible, that there should be some way of distinguishing one among the 
ratios of two vectors as their “ principal ” ratio, and of then showing that, by 
confining ourselves to principal ratios, the requisite properties of ratios re¬ 
appear. 

The case of angles will serve to illustrate our procedure. Considered 
geometrically, not kinematically, a vector which is a multiple of 27 t is identical 
with the null-vector, and if 6 is any angle, 6 = 2vtt + 0, where v is any integer 
positive or negative. We are here considering an angle as a vector whose field 
is all the rays in a given plane through a given point. Thus there will be two 
angles which are half of the null-vector, namely it and 2tt, and four angles 
which are a quarter of the null-vector, namely tt/ 2, 7r, 37 t/2 aud 2tt ; and 
so on. The ratio of 7 t /2 to w is any number of the form (2/i+l)/(4i/ +2); 
thus two terms may have many different ratios. 

In order to evade this difficulty, *ve first arrange angles in a series ending 
with 2 tt, and having no first term, but proceeding from smaller to greater 
angles. Then the angles which have a given ratio fijv to a given angle will 
be finite in number, and therefore one of them will be the smallest. We take 
this as the “ principal ” angle having the ratio njv to the given angle, and 
define “ (p/v) K ” to mean the relation between two angles consisting in the 
fact that the first is the “ principal”.angle having the ratio pjv to the second. 
Then of all the ratios between the two angles, the ratio pjv may be regarded 

30 
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as the “principal” ratio. It will be found that, with suitable hypotheses, 
{fi/v)* has the properties required in order to make measurement possible. 

In order to make the above method feasible, certain properties must be 
assumed to hold concerning the family k. (These properties are all verified 
in the cases that arise in practice.) We shall therefore only speak of a family 
as cyclic when it fulfils the following conditions: 

(1) It must be connected. 

(2) It must contain a non-zero member which is identical with its 
converse. This is the property which makes the family cyclic. In the 
case of angles, the member in question is tt. 

(3) It must be such that U K is transitive. This is the property 
which enables us to arrange the field in a series. It will be observed that 
JJ K cannot be transitive, since, if K k is the member which is its own converse, 
we have 

(I [ s‘(I“k) U K K k . K k U k (I [ s‘(I“k), 

but we do not have (I fsMp'/e) U K (I (VG“/r), because U K is contained in 
diversity (by *336'G). It is, however, possible that U K should be transitive 
so long as we do not start from / |“VG“/£, and this we assume as part of the 
definition of cyclic families, 

(4) In order to avoid trivial exceptions, we assume that k does not have 
only two members, since otherwise it might consist only of I |VG“/c and K k . 

We are thus led to the following definition : 

FM cycl = (FM conx - 2) n k {*%U K e trans : (gif). K e . K = K] Df. 

We prove that there is only one such relation as K, and therefore put 
K K = (iK)(K€K d .K = K) Df. 

Also for the sake of brevity we put 

i K = i[8 t a tt K Df. 

We then prove that k is a family having connexity, and satisfying the 
condition 

D “k = (1“k, 

i.e. having the domain of a, member always identical with the common 
converse domain. Thus by *334-21, * t = /£uCnv“/f. 

In a cyclic family, k u Cnv“/t consists of two mutually exclusive parts, 
namely k- 0 and K k \“k 0 . (In the case of angles, K k \R would be 7 r + R. 
Thus tc- a would be the angles from 0 (exclusive) to tt (inclusive)^ and K k | li tc 0 
v/ould be the angles from ir (exclusive) to 27 t (inclusive).) Also K k \ { ‘/c- 
consists of the converses of k — i ( K k . 

We take up next (*371) the question of arranging k uCnv“/c in a series. 
For this purpose, in order to avoid circularity, we have to erect a barrier at 
some point; we choose 1 K as this point. By the definition of cyclic families, 
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Kf,'] U K is transitive; lienee, since the family has connexity, U is serial. 
This relation therefore arranges all the members of kq in a series, beginning 
with K k and proceeding towards I K . In order to extend our series to 
K k \ “kq, we only have to make K k \ R precede K k \S if R precedes S, where 
R and S are members of k$. That is, we arrange K k \ “ic s in the order 
K k I ^ U K £ Afg. This gives a series which begins 
with I K and proceeds towards K k without 
reaching it. Thus taking the sum of the 
above two series (in the sense of *160), we 
get a series whose field is k u Cnv“/c, which 
begins with travels through K k | to K k > 
and on through k% towards I K , without quite 
reaching I K again. This relation we call W K ; 
the definition is 

W K = K K \W K tK d $U K t Kd Df. 

Taking an arbitrary origin, a vector may be indicated by the point to which 
it carries the origin. Thus in the figure, I K is at the origin, K k is opposite 
the origin; the upper semi-circle, including both ends, is tc\ not including 
the right-hand end, it is /e g ; the lower semi-circle, including both ends, is 
Cnv“«; including K k but not /*, it is Cnv“/tg; including I K but not K Ki 
it is K k | “rcfi . Then W K starts from I K , and proceeds through the lower 
semi-circle first, and afterwards through the upper semi-circle, stopping just 
short of I K . 

If k is cyclic, W K is a series. Under most circumstances, if Re k, we 
shall have 

PW<Q.1.(P}R) W k (Q\R ). 

The investigation of the various cases in which this holds occupies a large 
part of *371. 

In the remainder of this Section, our work becomes more full of ordinary 
arithmetic than it has been hitherto. We shall therefore, where cardinals 
are concerned, abandon the explicit notation we have hitherto employed, and 
substitute the ordinary notation. Thus we shall write fi + v in place of /a -f c v, 
and pv in place of /ix 0 v. We shall, however, retain /a — 0 v for subtraction, 
in order to avoid confusion with the sign of negation of a class. 

We proceed next (*372) to consider what is in effect the class of vectors 
not greater than the vth part of a complete revolution ( e.g . in the case of 
angles, not greater than 27 rfv). We define this by means of the relation W K . 
It will be seen from the figure that if R is a non-zero vector, we shall have 
R* +1 W K R°, unless R* belongs to the lower semi-circle and R° +1 to the upper, 
in which case R" JF* J R tr+1 . The first time this happens is the first time that 
_H ir+1 becomes greater than one complete revolution. Hence if, for every 
number a- less than v and not zero, R <r+1 WkR", it follows that R v is not greater 


Kd 
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than one complete revolntion, and therefore R is not greater than the nth 
part of a complete revolution. The class of such relations we call n«; thus 
we put 

= Cnv“«) R <r+1 W K R 9 ) Df. 

The main propositions to be proved in this subject are 
Pev K .PW K Q.D.P*W K Q'' 
and (what is an immediate consequence) 

P,Qeu K .2iP'=*Qr.&.P-Q. 

This latter proposition is the foundation of the theory of principal ratios. 

Another important property of v K is 

W K it v K C p K , 

so that v K is an upper section of W K . 

We proceed next (*373) to consider submultiples of identity, i.e. vectors 
R such that R V = I K , where v is a cardinal. We assume here, and almost 
always henceforth, that k is a submultipliable family. We first consider 
vectors which can be reached from I K by successive bisections. We know 
that K 2 = I ..; if R 2 =K k , then R^K k> because K k 2 ^K k . Hence by con¬ 
tinuing tin same process we arrive at the existence of a vector Q such that 

Hence we easily arrive at the result that, if v is any inductive cardinal, 
there is a non-zero vector whose nth power is I K . (This does not follow 
from k e FM subm alone, because //=/*, so that from the definition of 
.fWsubm we cannot know that there is any vector except I K whose nth power 
is I K .) Thence we prove that there are non-zero vectors whose nth power is 
I K , and which are such that no earlier power is I K , i.e. we prove 
(gi2) : R €K$ . R v = I K i a < n . a ={=0 . =j= I K . 

The class of such vectors we call (I K) v). If R is such a vector, the number 
of different vectors which are powers of R is n. Hence the powers of R have 
a maximum in the order W K ; since W K proceeds from greater to smaller 
vectors, this will be the smallest vector, other than I K , which is a power of R. 
Concerning this vector, we show that it is a member of v K , i.e. it is such that, 
if o- < v . o-=j= 0, _R°' +1 W k R <r . Finally we prove that there is only one member 
of n« whose nth power is I K . This will be what we may call the “ principal ” 
nth submultiple of I K ; in the case of angles, it will be the angle rjv. It 
will be observed that 2 TTjxjv always has identity for its nth power, and has no 
lower power equal to identity if p is prime to n. Thus the uniqueness of the 
“ principal” nth submultiple depends upon the fact that it is a member of n«, 
so that, by what has been proved in the previous number, no other member 
of v K has the same nth power. 
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We next, in a short number (*374), extend the last of the above results 
to any vector, proving that, if R is any member of k u Cnv“/f, there is a 
unique member of v K whose i/th power is R. We may call this the ‘‘principal” 
vth submultiple of R. We prove also in this number that, if 8 is the principal 
i/th submultiple of I K , v K consists of all vectors not earlier than S in the order 
W K , i.e. of all vectors not greater than S. 

Finally (*375) we define “principal ratios” and show that they are one- 
one and mutually exclusive. We denote the “ principal rat' corresponding 
to fijv by “(/*/ v) K ” This is defined as the relation holding oetween R and S 
when the principal /ith submultiple of R is identical with the principal vth 
submultiple of 8 ; that is, we put 

(ti/v) K = &S{(rT) ■ T e fi K n Vk . R = T* . S = T>} Df. 

It is obvious that (fifv) K G (fi/v) fc and there is no difficulty in showing 
that principal ratios are one-one and mutually exclusive. 

We have not thought it necessary to carry the development of this subject 
any farther, since, from this point onwards, everything proceeds as in the case 
of open families. We have given proofs rather shortly in this Section, 
particularly in the case of purely arithmetical lemmas, of which the proofs 
are perfectly straightforward, but tedious if written out at length. 



*370. ELEMENTARY PROPERTIES OF CYCLIC FAMILIES. 
Summary of *370. 

In this number, after the definition of cyclic families already cited, we 
proceed first to prove that only one non-zero vector is equal to its converse 
(*370‘23). This one we define as K k . Next we prove that, if R is a non¬ 
zero vector other than K k> R\K k is the converse of a non-zero vector, and 

R\K k is a non-zero vector (*370*31*311), whence it follows that 
D‘-R = (I‘.K = s‘CI“k (*370*32), 
whence further we obtain 

D “k = a“* .,ceFM connex (*370*33). 

Hence further, since by definition 1 JJ K is transitive, it follows that k ^ j | U K 
is a series (*370*37). The remaining propositions (*370*4—*44) are concerned 
with the relations of the two semi-circles and K k \ “k 9 (cf. figure, p. 459). 
We have 

Cnv“/c — K k j “/c (*370*4), 

k n Cnv“/f = i ( I K u i 1 K k (*370*42), 

K k J “k^ Cn v“k - l‘K k (*370*43), 
and K' 6 n K k \ (( kq — A (*370*44). 

*370*01. FM cyc\ = 

(FM conx — 2) n k {« 9 "j U K e trans : (gif). K e/cg . K = K) Df 
*370*02. K K = {iK){KeK d .R = K) Df 
*37003. = Df 

*370*1. h k e FM cycl. = : 

k e FM conx - 2 . 1 U K e trans : (gif ). K e ic d . K = K [(*370*01)] 

*370*11. (*: xf FM conx . D . ] U K G J [*336*6 . (*336*011)] 

*370*12. V'.tcsFM conx./tg] If,-trans. R, S € * d . RU K S. SU K T . D . R f T 
[*370*11] 

*370*13. b-.iceFM.K etc.K = K.3 .K^I k [*330*31] 
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*370 2. h * e FM conx , *rg'| U K e trans . K e k$. K = K . D : 

R € * d . R\K e k .3 . RU< (R \ K). (R: K)U k R 

Dem. 

h. *37013. K* = R (1) 

h . *336*41. (1). D h : Hp. D . R U K (R | K) . (R j K) U K R : Z> . Prop 

*37021. h : Hp*3702 .Re tc d . R\K e tc ."S . R\K ~ I K 

Dem. 

h . *370-12 . Transp Oh: Hp . RU K (R j if). (R j .ST) U^R-. D . R \K~ e k$ (1) 
h.(l). *3702 Oh. Prop 

*37022. h : Hp *3702 . Re K d -i‘K . R\K ~ e k 

Dem. 

h . *370-21 . *330-32-5 . D h : Hp *370 21 O .R = K (1) 

h . (1) . Transp . D h . Prop 

*370-23. h : Hp *370-2 . Re K d . R = R . R = K 

Dem. 

h . *331-33 . DhrHpO.iZjife/eu Cnv“* (l) 

h . *330-5-52 . *34-2 . D h : Hp . D . R \ K = Cnv‘{R \ K) (2) 

h.(1). (2) . D h : Hp O . .R | if e/c . 

[*370-22.Transp] D.R — K Oh. Prop 

*370 24. h : * e FMcycl . D . E ! K k [*370-1-23 .(*370-02)] 

*370-25. h# eFM cycl. D : R e .R = R.~.R=K k [*370-24 .(*370-02)] 

*370 26. h : k e FMcyd . D . K k e K h . K t = K k . /«[*370*24-25-13] 

*370'3. h : « e i 7 # cycl . R(J k K k .D . R = I K 

Dem. 

h.*336*41 Oh:.HpO:2e€*:(a^.S«* s . « = #«!£ (1) 

h.(l). *370*21-24. Dh. Prop 

*370*31. h : k e FM cycl . R e K d ~ i‘ K k . D . R \ K k e Ghv“k s 
[*331-33. *370-22] 

*370-311. h :Hp*370-31 . D.R K K e* d 

Dem. 

h . *370*31 . D h : Hp . D . K k \ R e K d . 

[*330*5.*370*26] D . R j K k e K h .Oh. Prop 
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*370 32. h : k e FM cycl. R e k . D . D‘R — d‘R = s ( d t( K 
Dem. 

h. *50-5-52. Dh.D‘/, = a‘/, = s'a“* (1) 

h . *370 26 . *330-52 . D h : Hp. D . = d‘K K = s‘(1“k (2) 

h . *370-31 . *330-52 . D h : Hp . R e * d - l‘K k . D . D‘(J21 K k ) = s‘d“* . 
[*330-52.*34-36] D.D‘.R = s‘a“* (3) 

K(l).(2).(3).Dh.Prop 

*370 33. I-: k e FM cycl . D . D (t /c — d (( K . k e jPil/ connex 
[*370-32. *334-42] 

*370-34. h : /c e-Fifcyci. D . Z7 K e connex [*370 33 . *336-62 . (*336-011)] 
*370-35. h : Hp *370*31 .D.K k U k R.~ (RU k K k ) 

[*370-3 . Transp . *370-34] 

*37036. h : k e FM cycl. D . "] U K e connex . C t 'k d ^ U K = k 

Dem. 

h . *336 41 . D h : Hp . D . C‘«g 1 C * (1) 

h. *370-34. 31-:.Hp . R,S e ic d . R* S : 

R( K d^ U K )S .v . S(K d ^ U k )R (2) 
(-.*336-41 . Dh:Hp . R e fc d . S = I K . R^ U K ) S (3) 

h . *336-41. D h : Hp . S e K d . R = I K . D . £(* 8 1 U K ) R (4) 

1-. (2). (3). (4). D h :. Hp. R, S e k . R + 8 .3 : 

R(K d J [U K )S.v.S(K d J \U K )R (5) 

h . (1) . (5) . D h . Prop 

*370-37. hi fee FM cycl. D . ] U K e Ser [*370iri'36] 

*370-38. \-:KeFMcyc\.R,SeK.3.R\S = S\R [*330561 . *37032] 

*370 4. h : * e FM cycl. Z> . Cn v “‘ K = K k \ “k 
Dem. 

V . *370-31 . *330-5 . Z> h : Hp . D. K k \ “(* 6 - t'/T*) C Cnv“* (1) 

h . (1). *370-26 . D I-: Hp . D . K k \“k C Cnv“* (2) 

h . *370-311 26 . D h : Hp . R € k . D . R \ K k e k .- 

[*370-26] 3.(dS)-SeK.R = S:K K . 

[*330-5.*37-6] D. R e K k \“k (3) 

h . (2). (3) . D h . Prop 

*37041. h * eFMcycl . R, S e k . D : {K k j R) V K (K k \ S) . = . RU K 8 
Dem. 

h . *336-54 . *370-33 . D 

h :. Hp . D : (K k | R) V K {K k &). = . (gT 1 ). T e * 0 . AT. j R = T \ K k \ S . 

[*330 o.*370-26] = . (a? 1 ) ■ Te . R = T\S. 

[*336-41] =.RU k S:.D h . Prop 
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*370 42, b : k e FM cycl. D . k n Cn v“rc = i‘I K u l‘K k 
Dem. 

b . *370 22 . D b : Hp . R e - l<K k 

[*370'311.Transp] D. e — l‘K k (1) 

b.(l). Db:.Hp R,R€k^.R€1 ( I k ^i‘K k (2) 

b . (2) . *370 26 . D b . Prop 

*370-43. b : « e FM cycl. D . K k j “« a = Cnv‘V - l‘K k [*370‘4] 

*37044. b zkcFM cycl. D . * 0 n “* s = A [*370*42*43] 


B. & W. III. 



*371. THE SERIES OF VECTORS. 

Summary of *371. 

In this number, we begin by defining the relation W K , which takes the 
place, for cyclic families, of the relation V K defined in *336. The definition 
is 

*371-01. W' = K m \'>U m tK d $U m tK d Df 

Then if k is a cyclic family, W K is a series (*37T12), and its field is * v Cn v“tc 
(*37114), which = since k has connexity. It will be observed that V K is 
not a series if k is a cyclic family; we have e.g. I k V k K k . K k V k I k . The above 
relation W « is constructed so as to make a barrier at /*, thereby preventing 
the relation W K from being cyclic. 

If P, Q are both members of k s or both members of K k j “/e 5 , 

PW K Q. ~ . faT) .Te/c d .P=Q\T (*37115151). 

Most of the properties of W K depend upon the fact that ] U K is transitive, 
in virtue of the definition of cyclic families. If k is any connected family, we 
have 

fc d ] U K € trans . = : P,Q,Q\ R, P\Q\R e k s . R e k .H PiQiR . P \ Q e/c d (*371*2). 
This proposition is required for most of the subsequent proofs in this number. 
It leads at once to 

*371-21. h:#ePMcycl.P,Q,Q|2?,PlQ|i2e* a . JSe#.D.i>jGe* 0 

Most of the propositions of this number are concerned with the circum¬ 
stances under which we can infer (P j I2)TF* (Q | R) from PW K Q. We have 

*371*31. h * e FM cycl . R e /c# i P e .v . P\R~ e k$:' 5 i 

PW k Q,?.(P\R)W k (Q\R) 

Another useful proposition is 

*371-27. h * e FM cycl. P, Q e K d . D : PF«Q . = . QW K P 

*371-01. W K = K k j i U K t K d £ V K t K d Df 

*3711. h KeFM cycl. 3 :: PW K Q . = P, Q e K k j : 

(; zR,S).R,SeK d .RU K S.P = K K \R.Q = K K \S:v: 
P,QeK d .PU K Q:v:PeK K \ (t K d .Q € K d 
[*202-55 . *370-34 . (*371-01)] 
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*37111. 

Deni. 

I-. *33031. D I-: Hp. R.Se *. K\R = K\ S . D . R = 8 : 3 h . Prop 
*37112. Y-.kbFM cycl. D. W K e Ser [*370*37-44 . *371 11. *204 21 5] 
*37113. h : k e FM cycl. 0 . W K = V K £ (Cnv“« - i*K k ) .£ U K [*370-41*43] 
*37114. h : k e FM cycl.. D . C‘ k u Cnv“/c = k ? u K* \ “k g 
Bern. 

V . *202*55 . *370 34. *160*14. D h : Hp. 3 . C‘ W K = K k | “* d u 
[*370*43] =*u Cnv“# : D h . Prop 

*37115. h i.KeFMc ycl. P, Qe k b . 0 : PTF,#. = . (gP). Pe # a . P = Q | P 
[*370*44. *336*41. (*37r01)] 

*371151. h # e FM cycl. P, 0 e K k | “* a . D : PTT*Q. = . (gP).Pe* a .P=Q[P 

Bern. 

V . *370-44 . *336-41 . D1-Hp. D : 

PF K g. = .(gP,^P).P lJ S J P6* a .P = 5|P.P = JS r K |P.Q= s A' K | ( Sl. 
[*370-26] == . (gP). Pe * a . P = Q | P:. D h . Prop 

*371152. h :« e «cycl. P e K k \ “* a . Q e * a . 3 . PF.Q [*3711] 

*37116. I-: * e FM cycl. P e * a . PW K Q . D. Q e * 3 [*370*44. *371 1] 

*371161 h : * eFM cycl .QeK K j “* a . PTf^Q. D . Pe K k | “* a 
[*370*44. *371-1] 

*371*17. h : * e FM cycl. Q, T e « a .3 . (Q \ T) W K Q . (Q | P) W K T 
[*371*15152] 

*37118. h : * e FM cycl .1.W k ‘K k = K k \ “« a . W k ‘K k = * a - 1‘iT. 
[*37115152. *370*311*22] 

*37119. h :. * e FM cycl. P$I K . D : PW k K k . = . K k W k P 
[*371-18. *37 0*43] 

*371*2. I-:: teeFM conx . D * a U K e trans. = : 

P,Q,Q\R > P\Q\ReK d .ReK. ^ P ,Q,i{ .P\QeK d 

Bern. 

h .*336-41. Dt-Hp . D : P(* a ] P,)£.S(* a 1 U K )R. = . 

(gP, Q). P y Q } S,Te * R * /c. T= P\S .8=Q\R (1) 
1-. (1). *1321. D h :: Hp. 0 k s “] U k e trans. == : 

P,Q t Q\R,P\Q\Re Kd .ReK.O P , Q ' B .(P\Q\R)U K R (2) 

K *330-31-5.3 

h:.Hp.P,Q,Pe*.il/e* a .PjQjP==l/|P.3.P|Q = ^ (3) 

K (3). *336*41. Dhr.Hp.P, Q, P,P | Q | P e *. 3 : 

(P\Q\R)(J K R. = .P\Qe>c d (4) 


h . (2). (4). 3 t-. Prop 
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*371*21. \-:KeFMcyc\.P,Q > Q\R,P\Q\R6K d .ReK.0.P\QeK d 
[*371*2. *370-11 

*371*22. Y : * e FM cycl. P, R, P I R e /eg . PF«Q . D . Q j P e *0 
Dem. 


h. *371*15*16. 

Dh:Hp.3.( a r).e,r e *g.P = g|2’ 

(1) 

Ml)- 

Dh:H P .D.( a r).Q,fi,r.Q|r,Q|r|iJ e « 0 . 


[*371*21] 

D.QjBe.jOh.Prop 


*371*23. YitceFM cycl. TW K S . 3. TW K (S\T ) 

Dem. 


h . *330*31 .*370*38.3 Y : Hp. 3 . T = S j (8 \ T) 

(1) 

h.(l). *371*15*16. 

D Y : Hp. T, 8 j T e # s . . TF K (S | T) 

(2) 

h.*371*15*16 . 

^Y:Rp.TeK d .^.8\T€K d 

(3) 

M2)-(3)- 

DhrHp.Te^.D.PF.C^IP) 

(4) 

Y. *371*152. 

^YiRi>.Tr>,eK d .8\T€K d .^.TW K {S\T) 

(5) 

h. *371*151*161 . 

0 1-: Hp . S ~ e # a . D. T ~ <r . S \ T e /e B 

(6) 

M5).(6). 

3Y:E.p'S~ €/ e d .3.TW K (S\T) 

(7) 

h.(l). *371*151. 

Dh:Hp.T,S|T~ e/( ; a .56/e a .D.rF,(S| T) 

(8) 

h.(5).(8). 

3 h : Hp. T~eK d .Se Kd . D . TW K (S\T) 

(9) 

h . (4). (7). (9). D h . Prop 



*371*24. h : * e JW cycl. P, R y P\ R e K d . P W K Q . 3 . (P | R) F, (Q | 22) 

Dei a. 

Y . *371*1516. 3 h : Hp. D . (gP). P, Q, R, P \ R, Te K d . P = Q | T. 

[*371*21.*330*5] D . (gT). P| P, Q | P, Te * a . P j R = Q | id | T. 

[*371*15] D . (P | P) F, (Q | B) : D h . Prop 

*371241. YiKeFMcyc\.P,ReK d .P\R~ € K d .PW K Q.'}.(P\R)W t '(Q\R) 
Dem. 

h.*371*152.Dh:Hp.Q|Ee/c a .D.(P|i2)F )t (g|i2) (1) 

Y .*37115. D 

Y:Hp.Q\R~eK d .D.(RT).Te f c d .P\R,Q\R~eK d .P\R = Q\R\T. 
[*371*151] D.(P|P)F K (Q|P) (2) 

Y . (1). (2). 3 Y . Prop 

*371*25. Y : tee FM cycl . P,Re * d . PW K Q .0 .(P\B)W K (Q\R) 
[*371*24*241] 
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*371-251. I-:*eP4f cycl . R,R\Q € K d . PW K Q .(R\ P)W K (R\Q) 
Dem. 

h . *371-25 . Transp. *371-12 . D 
h : * e FMcycX. P, R e* a . (Q\R) W K (P\R).3 .QW K P 


,R\Q>R\P 


. D H . Prop 


( 1 ) 


*37126. h k e FMc ycl: P, Q e . v . P, Q ~ e kq : 3 : 

PW k Q.~ .{K k \P)W k (K k] Q) 

Dem. 


V . *371-25 , *370 26 . 3 h : Hp. Pe * d . PW K Q . 3 . (K k j P) W k {K k | Q) (1) 
h . *371-251 . *370-26 . D b : Hp . Q e . (K k | P) W K (K k | Q) . 3 . PW K Q (2) 
!-.(!)■ (2). (3) 

K(3)^^., 3m4 . D 

(4) 

h . (3). (4) . 3 h . Prop 


*371-27. h k € FM cycl. P t Qe fc d . D : PW K Q . = . QW K P 
Dem. 

h. *371-15. Dh:.Hp. 3 : PW K Q . = .(&T). Te * d . P = Q\T. 
[*370-33] s . (gP) .Pe# a .Q = P| P. 

[*371-151 19.*370*43] = . QF.P 3 h . Prop 

*371-3. \--.K € FMcyc\.ReK d .P\R~6K d .PW K Q.3.(P\R)W K (Q\R ) 

Dem. 

h. *371-27.3l-:Hp.D.QF.P. 

[*371-251] ^.(Pj^F^PjP). 

[*371-27] 3. (P1P) IF, (Q | R) : 3 h . Prop 

*371‘31. h * e FM cycl. P e k s : P e * 3 . v . P | R ~ e /c g : D : 

P^Q.D.CPIP)^^^) [*371-25-3] 



*372. INTEGRAL SECTIONS OF THE SERIES OF VECTORS. 

Summary of *372. 

The subject of this number is that section of W K which consists of 
vectors not greater than the rth part of the whole circumference of the 
cycle. This is defined by means of W K , as consisting of those vectors which 
(taking W K as “ greater than ”) are such that R <T+1 is greater than R* so long 
as ar < v. It will be seen that so long as R v and all earlier powers of R 
do not exceed I K , R satisfies this condition; but if li^e A* | “/e a , while 
R 9+l etc di we shall have R^WtR** 1 . Thus our definition selects those vectors 
which, starting from any origin, do not, by v repetitions, take us farther than 
once round the cycle. The definition is 

*372-01. v* = (KvCw“K)«R{*<v.<r^O.'> a .R°+'W K R' f ) Df 

We then have l, = *uCnv^ (*372Tl),2,= « a (*372*13),/a<v.3.^C/a K , 
i.e. v K diminishes as v increases (*37’215); v > 1. D . v K C # a (*37216). 

An alternative formula for v K , sometimes more convenient than the one 
given in the definition, is (assuming v>l) 

v K — /c a n P (/i < v . fi 4= 0 . .P* +1 e * a . . P* e /e a ) (*37217); 

i.e. so long as either P* comes in the upper semi-circle, or P* +1 comes 

in the lower semi-circle; that is to say, the step from P »* to does not 
cross I K . For an even number (not zero), this leads to a simpler formula, 
namely 

(2*0« = * a n P (jx < v . y, 4= 0.. i* e K d ) (*37218). 

We have next a set of propositions leading up to 
*372 27. h KeFM cycl. v e NC ind -t‘0. P e v K . P . 0 : 

-0.5 . P^WtO* 

whence, since IP* is a series, we obtain 

*372 28. b\. tee FM cycl. v e NC ind - t‘0 . P, C? . D : P* = Q v . = . P = Q 
It is largely owing to this proposition that v K is important, in virtue 
of this proposition, there is in v K at most one vector which is the vth sub¬ 
multiple of a given vector. We shall show later that, if k is a submultipliable 
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cyclic family, there is at least one such vector; hence there is a unique vector 
in v K which is the *4h submultiple of a given vector. This does not hold in 
general for larger classes than v K . 

A specially useful case of the above proposition is obtained by putting 
v — 2, which gives, in virtue of *372-13, 

*372*29. b «e FM cycl . P, Q.3 : P 2 = Q 3 . = . P = Q 

The remaining propositions of this number are concerned in proving that 
v K is an upper section of W K , i.e. 

*372 33. b : * e FM cycl. v e NC ind . 3 . W“v K C v* 

*372 01. i/, = («uCnv“*)AE((r< v. <r 0.3„. 2P+ 1 Df 

*3721. b Re v K . ~ : R e k u Cnv“« : a < v . or 4= 0.3„. R* +1 TF.iP 
[(*372-01)] 

*372T1. h. L = «uCnv“/e [*3721 .*117 53] 

*37212. b : * e FM cycl. R e K j . 3 . R W K & 

Dem. 

b . *371 152 . 3 b : Hp . P® e .3 . RW*R? (11 

b.*370-44. 3b:Hp.P 3 ~e* a .3.P,P 2 ~e* 9 .Pe/e 0 .P = P|P®. 
[*371-151] 3.PIf )t P® (2) 

b . (1).(2). 3 b . Prop 

*372121. b : # € FM cycl. R e * 0 . 3 . R*W K R [*37117] 

*372122. b « ePif cycl. 3 : R e * 0 . = . R?W K R [*37212-121. *371-12] 
*37213. b : * e FM cycl. 3.2. = # 0 [*372-122] 

*37214. b : « e FM cycl . 3 . P, ~ e 3* 

Dem . b . *371 152 . 3 b : Hp . 3 . K k 2 W k K k * :3b. Prop 
*37215. b:/i<,;.3.^C^ [*3721] 

*37216. b : * e FM cycl. v > 1.3 . p K C * 0 [*372*1513] 

*37217. b : Ke FM cycl. v > 1.3 . 

i/, = * 3 n^(/i<v. i a]=0.P +1 a 3 .3^ . P* 1 e 7C 0 ) 

Dem. 

b.*372116.*37116.3 


b : Hp . 3 . iv C tc$r\ P(fi<.v . . P>* +1 e « 0 .3 M . P* e * 0 ) (1) 

b. *37115. 3 b : Hp . P, P'*, P M+1 e * 0 .3 . P^ +1 TF^P* (2) 

b . *371 -152 . 3 b : Hp. P, P* e . P*+> ~ e * 0 . 3 . P^ 1 W K P» (3) 

b. *371-151. 3 b : Hp . P e * 0 . P'*, P<* +1 ~ e * 0 .3 . P^* +1 W K P* (4) 


b . (2) . (3) . (4) . 3 b :. Hp . P eK d : P*eK d . v . P* +1 ~e* 0 : 3 . P* + > JFcP* (5) 

b . (5) . *3721 . 3 b : Hp . 3 . * 0 a P(ft< v. . P* +I e* 0 .3 M ,P<»e# a )Cy (t (6) 
b . (1) . (6) . 3 b . Prop 
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*37218. I -: fee FM cycl. v > 0 . D . ( 2v) K - k b r\ P {fx < v. fi ^ 0 ■ 3* ■ P*« *a) 
Dem. 

b . *3721. *37112 . D h : Hp . P e (2i/)« . D . P 2 " F.P 1 '. 

[*372122] D. F v €K d (1) 

h.(l). *372-17. 3f-:Hp.D.(2v) fC C* 5 nP( / x< I ;. / i + 0.D, l .P' i e«a)( 2 ) 

h.*371 15152. Dh:Hp.P,i*e# 5 .D - P^FJ* (3) 

h . ( 3 ) . *371-25 . 3 h : Hp . P, P * +1 P?eK d .O. P^ +1 W*P»+> (4) 

l-.(4). DF:.P 6 « a : A i<y.^ + 0.D #l .P'*€Ac a :D: 

fx + 1 < v. p < i/. . P^+p + 1 Tf^+o: 

[*117 561] 3 : o- < 2v . . P ^ +1 W'P" 

[*372-1] DiPe^i/), (5) 

h . ( 2 ). (5). 3 b . Prop 

*37219. h : k € FM cycl . fx,ve NC ind — 1*0 . P e (/*!>)* . D . P* e v K 
[*3721 .*371-12] 

*372*2. h : * e P# cycl. v e NC ind . Pev K . fi^v . o-</i.o-^=O.D.P ft W K P a 
[*372-1 .*371*12] 

*372*21. b: k e PJ17 cycl. v e NC ind .Pei>*. 2 /A^i>./i=fO.I). 

P^W'P 11 . P* e tc d 

Dem. 

1-. *372 2 . D b : Hp. 0 . P^TFJF* . (1) 

[*372-122] D. P* e (2) 

b.( 1 ). ( 2 ) .31-. Prop 

*372-22. b : * e FM cycl . PW K Q. P,P* € . P<* W K Qr . D . P*+ l TT.Q ^ 1 

Dem. 

b . *371-25.3 h : Hp; 3 . P ^ +1 Tf.P | Q* (1) 

b . *371-16 . D b : Hp . Q? e tc B . 

[*371*25] ■}.P\Q»W K ty+ 1 (2) 

b. (1). (2). *371-12. Db. Prop 

*372*23. b : k eFM cycl. v e NC ind . P e v K . 2 /j, ^.v . fi^O . PW K Q . D . 

P**+» TT ^ +1 [*372-21 -22 . Induct] 

*372-24. b * ePAf cycl. o-eNCind- PO . Pe(2<r)« ■ P^Q . 3 : 

/i< 2 o-./i + 0 . D.P^IT^ 

Dem. 

h . *37 2-21-23 . D h : Hp . ^ < <r . 17 < <r . D . P", e . P^ IF.Q*. P^F^Q”. 
[*371-25] 3 . P*+* JF.P* f Q £. P* j Qf . 

[*371-12] D . Pf+i IT K Qf+ 1 : D f-. Prop 
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*372-25. b /c eFMcycA . a eNC ind - i‘0. P € (2cr + 1) K . PW K Q z 

fx < 2a-. fi 4= 0.3 . P^ W'Qr [*372-24-15] 

*37226. b : k e PM cycl . a- e NC ind . P e (2<x + 1) K . PW K Q . D . P* r + i W ll Q »+ 1 
Dem. 

K *372-25. Dhi.Hp.DjP^TT.Q^: (1) 

[*371-3] D : P a »+ l ~ e . D . P*h* W^P* | Q*+i (2) 

h. *371-31.(1). 3h:.Hp :P'|Q'«~e*ff a .v.Q^e* 0 :3. 

D ff |Q ff+1 F K Q*'+ 1 (3) 

b . *372-21 . *37M515M52.3 h Hp . D : P* | Qr+'W K P" : 

[*371-16] D:P'|Q^- | e« s .D.Q'+ , e# 0 (4) 


h. (3). (4). DhiHp.D.P'j^F^ 1 (5) 

b . (2). (5) . *371-12 . D h : Hp. i»*+> ~ e * e , D . P^ +1 Tf JC Q aj+1 (6) 

K *372-22. Dh:Hp.P 2ff e/c e .3.P^+ 1 Tf <( Q :w+1 (7) 

b. *371 16. *3721 . 3 r : Hp. P^+> e* a . D . P*e (8) 

h . (6) . (7). (8) . D h . Prop 

*372 27. H * e PMcycl. v e NC ind - t‘0 . P e i/* . P W K Q . D : 


A i<j/./*4=0.D.P*TT (l ^ [*372-24-25-26] 

*372 28. b :. k e FM cycl. » e NC ind - i‘0 . P, ^ e v K . D : P* = Q*. = . P = Q 
Dew. 

h . *371-12 . D h Hp . P Q. D : PW K Q . v . Q W K P : 

[*372-27] D : P' W K Q V -v.Q- : 

[*371-12] D:P' + Q- (1) 

i L . (1). Transp. D h . Prop 

*372-29. b ePM cycl. P,Q e * g . D : P*= Q 2 . = . P= Q [*372-28-13] 

*3723. h : k e PM cycl. cr e NC ind -t'O.Pe (Ser)*. PIP^Q. D . Q e (2a) K 
Dem. 

b . *372-18-27 . D 1-Hp . D : p < <r. p * 0. D,. i* e * a . P TP,# 4 . 
[*371-16] D^.Q^: 

[*37218] D : Q e v K D h . Prop 

*372-31. b i.ksFM cycl. a- e NC ind - t‘0. P e k 8 . 3 : P TP.P". 3 . P*^ 1 e 
Dem. 

h.*371-16. 3l-:Hp.PJP,P 2 <'.3.P ! »e*g (1) 

h.*301-23. D h : Hp. D. P = P 9 " 1 P a<r + 1 (2) 

b . (1) . (2) .*371-15 . D f-: Hp. P JP,P* . 3 . P^ +i e* d :Db. Prop 
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*372 32. h : k e FM cycl 
Dem. 

h.*372-3-15-17. 
h. *37M6. *372-27-1. 
[*372’31.Transp] 
[*371-27] 

[Hp] 

[*372-31.Transp] 
h . ( 1 ). (2). Transp . 
[*372-17] 

*37233. h : * e FM cycl 


QUANTITY [PART VI 

. cr €NC ind .Pe(2a + 1 )*. PW K Q . 3 . Qe ( 2 a + 1 )« 

Dh:.Hp.D: / *< 2 < r.Q*e* a .D.$'^ 1 e * 3 ( 1 ) 

D h : Hp . Q** ~ e /tg . D . P^ +1 ~ e . 

l.&'W'P. 

D.&W'P. 

l.fcW'Q. 

( 2 ) 

D h Hp . D : < 2(7 + 1 . e «r a . . Q '* -1 e * s : 

3: $e( 2 o- + l) lt :.Dh.Prop 

. v 6 NC ind. 2 , W“ Vk C k k [*372 3-32] 



*373. SUBMULTIPLES OF IDENTITY. 

Summary of *373. 

The purpose of this number is to prove that, in a cyclic submnltipliable 
family, there exists a unique vector which is a member of v K and satisfies 
R V = I K . This we call the “principal'’ vth submultiple of I K . It is the 
smallest vector (other than /*) which satisfies R V -I K . The proof of its 
existence proceeds by several stages; the problem is analogous to that of 
the construction of a regular polygon. Suppose the cycle divided into v 
equal parts. Then a vector which takes us from any one point of division 
to any other is a vth subrnultiple of identity. If v is prime, every such 
vector will have every pdwer less than the vth different from l K ; but if v 
has factors, say p and er, if R V = I K , (Rpy=I K ; thus Rp, which is one of the 
vth submultiples of identity, has a power less than the vth which is equal 
to I K . We define (I K , v) as the class of those vth submultiples of I K which 
have no power less than the vth equal to ; more generally, we put 

*37303. (S,v) = P(P"-S:a<v.o-^0, Dft 

We then have first to prove the existence of tc^ r\{I K , v ) when k is cyclic 
and submultipliable. For this purpose, we put 

*373-01. M VK = §P{Qe Kd .Q' = P) Dft 

I.e. M vk is the relation of a vth submultiple of P to P, when the submultiple 
of P is a member of * 0 . It is to be observed that although k is submultipliable, 
we do not know to begin with that /« has submultiples which are members 
of /eg, except in the case of K k , which is half of I K . Owing to this, we proceed 
first by bisection, i.e. by means of the relation if 2 *. We prove that the 
process of bisection can be applied endlessly to any member of and always 
gives new terms (*373*14*13), hence it gives a progression starting from any 
member of (*373*141), and therefore the existence of a cyclic submultipliable 
family implies the axiom of infinity (*373*142) ; also we prove that v bisections 
starting from a member of give a member of (Z v+1 \ (*373*15). Hence, 
taking K k as the member of to be bisected, we arrive at 

A* *2 jj! #3 *(/«,,*) (*373*17). 

In order to extend this result to numbers not of the form 2*' 4 * 1 , we have 

31 * 
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first to prove that there are /tth submultiples of identity. This we prove 
first for numbers of the form 2*'+l, then for (2<r + 1) 2 V -f1, and then for 
2<r (*373’2r22'23); hence it holds generally, i.e. we have 
*37325. b : k e FM cycl subin . /xeNC ind — l ‘0 — . D. (g(?). Qck^. Q* — I k 

Next, we prove that, if Reie s and R !L = R* = I K , then p, v have some 
common factor p such that Re(I K ,p), i.e. such that Rp is the earliest power 
of R which is [ K (*373‘3). Hence if p is prime, and Rp = I k> it follows 
that no earlier power of R is I K , i.e. Re{I K ,p) (*373‘32), and that, if 
Re(I K> p) and R> t =I K , then p is a multiple of p (*373 - 33). 

We now make a fresh start with the general relation M VK . Owing to 
*373’25, we know that I K €G.‘M PK . Also since tc is submultipliable, 
tc d CG. t M' VK . Hence if a is any inductive cardinal, I K eG.‘M VK * (*373-404). 
Also it is easy to show that if v is a prime, and is the first power 

of Q which is I K . Hence when v is prime, n (/«, v a ) exists (*373*43). In 
order to extend this result to numbers which are not powers of primes, we 
prove 

*37345. b : te e FM cycl. p Prm a .Re(I K ,p) . S € (I K , cr) . D . R ] 8 e {I K ,pa) 

Hence by the help of a little elementary arithmetic we arrive at 
*373-46. b : k e FM cycl subm . p e NC ind - 1‘0 - i‘l . D . g ! K d a (. I K , p) 

Having now proved that there are i>th submultiples of I K which have no 
power short of the yth equal to /*, we have still to show that there is one 
among them which is a member of v K . For this purpose, we take any one 
of them and consider its powers. It is obvious that it has only v different 
powers (*373 5), since after reaching I K the previous values repeat themselves. 
It is this fact which makes it easier to deal with submultiples of I x than with 
submultiples of other vectors. 

Now let R be any vth submultiple of identity, and assume that S t T are 
powers of R, but T is not a power of 8, and TW K S. Then 8 | T is a power of 

R but not of S, and TIP. (£ | T 7 ) (*373‘53). Hence T is not the maximum, 
in the series W Kt of the class Pot‘.R - Pot‘& Hence by transposition, if T is 
the maximum of Pot‘.R — PotbS, we must have 8W K T. Now since Pot‘.R is 
a finite class, Pot'iJ — Pot'S must have a maximum if it exists; but since 8 
has the relation W K to this maximum, 8 is not the maximum of Pot'.R. 
Hence by transposition, if 8 is the maximum of Pot'i( Vot‘R — Pot‘$ is 
null, and therefore Pot'iJ = PotSS (*373'54). Hence it follows easily that, 
if R € a (7 k , v), the maximum of the powers of R is a member of 
*3 <"» (/«, v) (*373-55), and further that it is a member of v K (*373'56). Since 
we have already proved (*373'46) the existence of n ( I K , v), we thus have 

*373 6. b : k e FMc ycl subm . v e NC ind — i‘0 . D . g ! v K n S ( 8 V = I K ) 
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The uniqueness of v K r\S(S v = I K ) follows from *372*28, and thus the 
principal yth submultiple of I K exists. Hence also it immediately follows 
that the other i/th submultiples of I K are powers of the principal i/th sub¬ 
multiple, and that the total number of vth submultiples is v (*373*63*64). 

*37301. M> K = QP(Q6K d .Q>~P) Dft [*373—5] 

*373*02. Prime = NC ind n £(/* = o* x c t . D 0(T : o* = 1. v . a = p) Df 
*373*03. (S ( i,)«>(P* = £:<r<v.<T*0O,.i* + £) Dft [*373—5] 
*373*1. b: QM m P . = .Qe>c d .Q* = P [(*373*01)] 

*373*11. b : /c e FM cycl. D . M 2K e 1 —► 1 [*372*29] 

*373*12. b : * e FM cycl. D . M v G W K [*372*121] 

*373*13. b : * eFM cycl. D . G W K . (M^ G J [*373*12 . *371*12] 

*373*14. b : k e FM cycl subm ,PeK d .ve NC ind - t‘0 . D . E ! M 2K V ‘P 

Dem. 

b . *372*29 . *351*1. } I-Hp . D : Q e . D . E ! M W ‘P (1) 

I-. (1). Induct. D b . Prop 

*373*141. b : k e FM cycl subm . P c . D . M 2(t £ (M 2K )%P e Prog 
[*37311 13*14] 

*373*142. b: g! PM cycl subin . D . Infin ax [*373*141] 


*373*15. I-: k e FM cycl subm . P e /c d . p e NC ind . D. M 2 /‘P e(2 , ' +1 ) K 
Dem. 


b. *373*1*14. 

D b : Hp. Q = M^P . R = M^P .D.Q'^R*' 

(1) 

h. (1). *372*18 

. D b :. Hp (1). Q e (2 > ') x . D : 2<r < 2**. Z> . R* e *- 

(2) 

h . (2). *373*1. 

D b Hp (2). D : 2cr < 2 1 '. D . R w , R^ + \ R\ R e k~ 


[*371*2] 

D . R** +l e K' p 

(3) 

h.(2).(3). 

Db:.Hp(2).D: /i <2*'.D.P' i e« 0 : 


[*372*18] 

D:Re( 2"+% 

(4) 

b .*372*13. 

D b : Hp . i/ = 0 . D . M 2k v ‘P e 2 K 

(5) 

b . (4) . (5). Induct. I) b. Prop 


*373*16. b k e FM cycl subm . v e NC ind . Q = M 2K vi K K . D : 


Dem. 

(^ v+1 = I K :p<2^.p^0.D^ 


b. *373*1. 

D b : Hp . D . Q 3 ” = . 


[*371*26] 

D . Q? +1 = I K 

(1) 


I-. *373*15 . *372*2 . (1). D b Hp. D : p < 2- +1 . p + 0. D. Q> WJ K (2) 
b . (1) . (2) . D b . Prop 
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*37317. I-: « e FM cycl subm . v e NC ind . ft = 2 y+1 . D . g ! n (I K , fi) 
[*3731614. (*373-03)] 

*373*18. I -:Qe Cnv“* 3 . Q- = 7,. 3 . Q e x d . Q* = I K [*50-5*51] 

*373-19. h : (gQ) .Q€K d v Cnv“* 3 . Q» = I K . = ■ (gQ) .QeK d .Q v = I K 
[*373-18] 

*373-2. I-* e FM cycl subm . v e NC ind . P = . 

J.Q^ +i = I K .Q^I K 

Dem. 

V . *301-5 . D h: Hp.D. Q^ 1 = P 3 '" H = /« (1) 

h . *373-1 . D h : Hp. D . P 3 ^ 1 = Z, j P. 

[*370-22] D . P 3 ‘ , +* 4= P . 

[Hp] a.ps'+i^’+i. 

[*30-37] D.P=f£ (2) 

I-. *301-5-23 . D h : Hp . D . Q = (S^J j S* 

[Hp] = P 3 jS 3 

[(2).*372-29] */« (3) 

h . (1). (3) . D h . Prop 

*373'21. h : k e FM cycl subm . v e NC ind . p. = 2" + 1.1) . 

[*373-219] 

*373-22. h : k e FM cycl subm . a e NO ind . p = (2a- + 1) 2- + 1. D . 

[The proof proceeds as in *373-2-21] 

*373*23. h : k e FM cycl subm . a e NC ind . p — 2o-. D . (gQ) - Qe k^.Q 1 — I K 
Dem. 

h .*370-26 . D h : Hp. Z> . ^ = 4 : D h . Prop 

*373-231. h t eNC ind . D : (g<r) : cr e NC ind: r = 2(7. v.r = 2o- + l [Induct] 

*373-24. hipeNCind.p + O.D. 

(gv, <t) . v, <t e NC ind . 2p + 1 = (2<7 + 1) 2*' + 1 

Dem . 

h. *117-661. D 

h Hp .\ — v {(gr) . t e NOind — PO . p — t 2 v 1 ,'5:ve\.D.p'Z>v (1) 

h . *116-301. D h : Hp (1). D . p = p2°. 

[*10-24] D.OeX (2) 

H . (1). (2) . *261-26 . *263-47 . D h Hp (1) . D : 

(3) 

I- . *116-52*321 . D 1- : p = t2- . r = 2<x . D . p = o-2 1 ' +1 (4) 
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h . (3). (4). 0 h Hp . D : (gy, r): v, r e NC ind . p = t2 1 ' : p > v . . 

~( 3 t) . p= t 2^ : ~( a< 7). T== 20-: 
[*373*231] D : (gr, <r).v f t 7 e NC ind. p = (2(7 +1) 2': 

[*116*52-321] D : (gy, a). v , a*eNCind . 2p + 1 *= (2o* + 1) 2 I ' +1 + 1 D h . Prop 

*373*25. I -1 ice FM cycl subm . p e KC ind ~ i‘0 - i‘l . D . 

(gQ) .QeK d .Q*=r K [*373*22 *24-23*14.1 

*373*3. h :k€FM cycl. p^0.v^0.Re/c d . St* = R i ' = I k . . 

(a «. $) ■ p 4= 0. p +1 • p - <*p • p=e (/*, p) 

Dem. 

h - *300*23 . D h Hp . D : (gp) . p =}= 0. = /„; <7 < p . <7 + 0. X . (1) 

h.*301*2. DhsHp.ifc-A.D.p + l (2) 

h . *302*25 . D h : Hp . p e NC ind - l‘0 . D . 

(a®’ fty 7>$) • P ~ a p + 0 • v - yp + S. £ < p. § < p (3) 

h . *301*23*504. D 


h : Hp (3). R? — I K . p = otp + fi. v = yp + $>. Rr = U* = I K . D . R s = R* = I K 
h . (4). D I-Hp (4): <7 < p. <7 4= 0. I K : 

/t=ap-fj0.i/ = <yp + 8:D.;8 = O.3 = O 
h.(3).(5).Dh:.Hp:p + 0.i^ = 7 lt :(7<p.<7 40.D <r .^4=/«O. 

(a«> 7) * M = a p ■ v=yp 

h . (1). (2). (6). (*373*03). D h . Prop 


(4) 

(5) 

( 6 ) 


*373*31. I-: k e FM cycl. R e k 8 . p 4 = 0. v 4 = 0. 7 > = R v = I K . D . ~ (p Prm v v 
[*373*3] 

*373*32. h : k e FM cycl. R e k 8 . pe Prime . R* = Z K . D . i£ e (/«, p) 

[*373-31. Transp. (*373*03)] 

We assume here that a prime number is prime to all numbers less than 
itself except 1. This follows at once from the definition. 

*373*33. b : k eFM cycl. Re KQr\(I K ,p). Ri L =I K .D.('^T).p—pT [*373*3] 


*373-4. h : QM vk P . s . Q e « 9 . P = Qr [(*373*01)] 

*373*401. h : k e FM cycl subm . v e NC ind — t‘0. D. /«e <MM PK [*373*25] 
*373*402. b : K € FM subm . v € NC ind -i‘0.0./c d C a f M VK [*373*4] 

*373-403. h : y eNC ind - i‘0 . D . D <M VK C k 8 [*373*4] 


*373*404. h z k e FM cycl subm . v, a e NC ind — i‘0 . D . I K e (MM 
[*373*401*402*403 . Induct] 

*373*405. h : v, a e NC ind - 1‘0. QM^I, .2.Q v * = I lt [*373*4. Induct] 
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*373 406. b : V) a e NC ind - i‘0. R e D‘M V S . 3 . M V *‘R = -S'* 

[*373-4. Induct] 

*373 407. b : a, 7 e NC ind - i ‘0 . RM v s+vl K . 3 . [*373*406] 

*373'41. b : v y a, (3 e NC ind — t‘0 . . RM V J*I K . a < j3.0 . Q^R 

Bern. 

b . *373-405-407-403 . 3 b : Hp . 3 . Q* a = I K . J2*'* e tc d : 3 b . Prop 

*373 42. b : tc e FM cycl. y e Prime - t‘l . a e NC ind . 

QM v *I k .o-C^.a + O.D.Q^/, 


Bern, 

b . *373-405 . *300-23 . 3 

b:.Hp.D:( a p):p + 0.^ = / )£ :o-<p.o-4=0.D„.^=f/, (1) 

b. *373-33-405.3 

b Hp : p + 0 . = /«: <r < p . <r =f= 0.3 ff . Q" =|= : ^ ■ (3 T ) • v a = pr. 

[Hp] D.( 3 /S).p = > (2) 

b . *373-407 . 3 b : Hp . /3 < a. 3 . Q> $ * 7. (3) 

b.(2).(3). 3 b : Hp (2). 3 . p = i/ a (4) 

b . (1). (4). 3 b . Prop 


In obtaining (2) of the above proof, we assume that if v is a prime, and 
pr is a power of v, then p is a power of v . This is easily proved. 

*373 43. b : tc e FM cycl subm . v e Prime — i‘l . a e NC ind — i‘l . 3 . 

3 ! K d n (/„, i^) [*373-404-405-42] 
*373 44. b : 7 Prm p . 7 Prm a . 3 . 7 Prm pa 
Bern . 

b . *3021 . 3 b 7 Prm p . ~ (7 Prm pa) . a e NC ind - 3 . 

(a T > a )j3).T« NC ind — i‘0 — t‘l. 7 = ar . per = fir (1) 
b . *303‘39 . 3 b : Hp (l).reNC ind — t‘0 — i‘l . 7 = ar . pa = @t . 3 . 

yIp = *o-/^ ( 2 ) 


b . ( 2 ). *303-341. 3 b : Hp (2). <xa Prm fi.D.y = <xa (3) 

b . (3). *302*1. Db:Hp (3).^+ 1 . 3.^(7 Prm <r) (4) 

b.*113 - 621. 3 b : p eNC . a— 1 . ~ Prm pa ). 3 . Prm p) (5) 

b . (5). Transp . 3b: Hp ( 1 ). 3 . a 4= 1 : 

[(4)] 3 b : Hp (3). 3 . ~ (7 Prm tr) (6) 

b . *302-36. 3 b : Hp (2). ~ {cur Prm £). 3 . 

('KZ,V,Q-ZVrm v ^l.«r = K.$ = tf ( 7 ) 
b . *303-39. 3 b : Hp (7). £ Prm v . £={= 1 . = &. /3 = t?£ . 3 . aajj3 = f/i, . 

[(2).*303"341] D.y=$j.p = 7j. 

[Hp] 3 . apa = /3y = ap%T. 

[*126-41] 3.<t = £t ( 8) 
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M7). (8). DH:Hp(7).D.( a r^). 7 = «r. ff = rT. 

[*302-1 .Hp] Z>. ~ ( 7 Prm ff ) (9) 

h . ( 6 ) . (9). D h : Hp (2). Z> . ~ (7 Prm <r) ( 10 ) 

(-. (1) . (10) . D I-: 7 Prm p . ~ (7 Prm pc) . c e NC ind . D . ^(7 Prm c) ( 11 ) 

h . ( 11 ). Transp . D h . Prop 

*373 441. V p Prm a : (gS). pj3 = Sa : D . (g£). ft — £<r 
Dem. 

(-.*126-41 . D 

I-: Hp . p /3 = So-. p — fra-. S = 77131 . £ Prm 77. D . f /3 = po-. f Prm 77. £ Prm c . 


[*373-44] Z). £/3 = pc . £ Prm 77 c (1) 

l-.(l). Dh:Hp(l).f+l.D.f+l.f=fx«l-^=fx e /9. 

[*302-1] D. ~ (£Prm 770 -) (2) 

h . (2) . Transp . (1) . Z) h : Hp (1) . Z). £ = 1 (3) 

h . (1). (3). D h . Prop 

*373-45. 1- : * e FM eye) . p Prm c. R e (I K , p ). S e (L, c) . Z> . R \ S e (I,, per) 

Dem. 

V. *370-33. D h : Hp .D .(R\ Sy° = I K (1) 


h . ( 1 ). *373-31 . D h :. Hp. (R [ S)r = /,. 7 4 = 0 . D : - (7 Prm pa-): 

[*373-44] D : ~ (7 Prm p). v . ^ (7 Prm c) (2) 


h . *370-33 . *301-504. D 

h : Hp (2). p = ar . y = ftr . D . f K = (R \ S)^ T = S affr = . 

[*373-33] D.(gS).p/? = Sc. 

[*373-441] D.(3£) ■£=£>- (3) 

h . (3). D(-:Hp(3).D.(Ej^=/' < .^ T = / K . 

[*370-33] Z>.i^ = J x . 

[*373-33] Z> . (g/*) . ftr = pa r . 

[Hp] D.(g/x ). 7 = /xp./i + 0 (4) 

(-. (3). (4). D h : Hp (3). D. (gv). 7 = ^pc. v 4= 0 (5) 

Similarly h : Hp . ~ (7 Prm c). D. (gr). 7 = vp<r . y ^ 0 ( 6 ) 

h . (2). (5). ( 6 ). Z> h : Hp (2). D . (gv). v 4= 0 .7 = rpc (7) 

(-. (1). (7). *117-62. DK Prop 


* 373 - 451 . h p e NC ind - HO: ~ (gn, a). y e Prime . p = n a : D . 

(g/i, n). p Prm v.p<p>v<p.p = pv 

Dem. 

(-.*261 -26. *263-47. Z> 

h : Hp . D . (g 7 , a). 7 e Prime . p e D‘x e 7 * . p ^ e D‘x 0 7 a+I . p 4 = 7 “ ■ 
[* 373 - 44 ,Induct] D . (g 7 , a, ft). 7 e Prime . p = 7 a y8 . ft Prm 7 “ . ft 4 = 1 : 3 H . Prop 


r. & w. III. 
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*373452. b v € Prime . a e NC ind . D„ ia . cf> (v a ): p, Prm v . cf>p ,. cf>v . „. 

cf> (jw ): D : p e NC ind - CO . D p . <f> (p) [*373451] 

*37346. b : k eFM cycl subm . pe NC iud — CO — Cl , D , g ! tc s n ( I K! p) 
[*373434518452] 

*373 5. b : tc e FM cycl. v e NC ind . R e r» ( I K ,v). D . Po t‘R e v 
Dem. 

b.*302-25.*301-504. D 

b : Hp. a e NC ind . D. (g-f, rj ). a = gv + 1 ). tj < v. R a — R v . 

[*120-57] D.Nc'Pot ‘R*^v (1) 

b . *301-23 . Z> b : Hp ,p<v.<r<p.D. R"\Rp = Hr * 9 . 

[Hp] 

[*33032] (2) 

b . (2). Transp. Db:Hp.p<v.o-<p.i2' > = R *. D . p = v (3) 
b. (3). *120-57 . D b : Hp . D . Nc'Pot'JJ > * (4) 

b . (1) . (4) . D b . Prop 

*373‘51. b : k e FM cycl. R e ( I K y p,v ). D . R* e (l K , v ). PoC R* e v 

Dem. 

b. *301 504. D 

b Hp . D : (2&*)* = I K : <r < p . <7 + 0 . X . (i&T*/, D b . Prop 


*373 52. b : k e FM cycl . R e tc$ r\ (I K , v) . p, Prm v . D . 

e (/«, v) . Pot'ifr = PoC.R 


Dem. 

b . *373 33 . D b : Hp . R 11 e {I K , p). D . (g-r) . p,p = vt . 

[*373441] 3.(aS)-P = ** (1) 

b. *301504 . D b : Hp (1). D . (fry = I K . 

[Hp] 1-p<p (2) 

b . (1). (2). D b : Hp .D.fre(I K ,v) (3) 

b . (3). *373 51 . D b : Hp. D . Nc'Pot'B^ = Nc‘Pot‘£ = v (4) 

b.*91-6. DbrHp.D.PoCi^CPoCiZ (5) 

b . (4). (5). *120426 . Transp. D b : Hp . D . PoCifr* = Pot‘.R (6) 

b . (3) . ( 6 ) . D b . Prop 

*373-521. b iKe FM cycl. R e (* a u Cnv“* a ). v e NC ind . iC=/ K . D.RePot‘R 
Dem. 

b. *301-2. *1314. DbtHp.D.i' + O (1) 

b . (1). *301-21. D b : Hp . D . E = R*-' 1 Ob. Prop 
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*373 522. I-: Hp *373*521. S, T £ Pot *H . D . S j T e Pot'22 
Demi. 

b. *373-521 .D b: Hp .D. Se Pot'S. 

[*91-0] D.SePot'72. 

[*91-343] Z) . S | T € Pot'# : Z) (-. Prop 

*373 53. I-: Hp *373*521 . S, Te Pot'# .T~e Pot'S . TW K S . Z) . 

fJMS|7%Sj:r e Pot'#-P 0 t'S 

Dent. 

b. *371*23. 3Y:Kp.0 m TW K (S\T) (1) 

b . *373-522 . Z> I-: Hp . Z> . S j T e Pot <R (2) 

b . *91‘36 . Transp . Z) 1- : Hp . D . 8 1 e Pot'S (3) 

b .(1).(2).(3).D h . Prop 

*373*531. h : Hp*373-53 . D . ~ \T = max (lf,)‘(Pot‘# - Pot'S)} [*373-53] 
*373-532. b : Hp *373*521 .8 e Pot '# .T = max (^'(Pot'# - Pot'S). Z) . 

SIT*# [*373-531 . Ti-ansp . *371*12] 

*373 533. I-: Hp *373 521. 8 e Pot'#. E ! max ( flg'tPot'# _ Pot'S). Z) . 

~ [S - max (IF^'Pot'#} [*373-532] 

*373"54. b : Hp *373-521 .8 = max ( Tr*)'Pot'# . D . Pot/# = Pot'S 
Dem. 

b . *373*533 . Transp . D b : Hp . D . ~ E ! max {lP K )'(Pot'i^ — Pot'S) (1) 
b . (1) . *373-3-5 . *261-26 . Transp . D b : Hp . D . Pot'# - Pot'S - A (2) 
b. (2). *91-6. Z>b. Prop 

*373-55. YzKeFM cycl . v e NC ind - t'O . R e « d a (/, ,v) . 

8 = max (TPJ'Pot'# . D . S e (/*, v) 

Dem. 

b. *373-3'5. D b : Hp . D . (gp). p e NC ind — t‘0 . Se(/ K , p ). Pot'Se p (1) 


b . *373-54-5 . D b :. Hp . D : Pot'S e v : 

[*100-34] Dipt NC. Pot'S e p . D . p = v (2) 

b . (1). (2). D b . Prop 

*373-56. b : Hp *373 55 . D . S e v K 
Dem. 

b . *205-21. Z> b : Hp . Q e Pot'# - PS. Z>. Q W K S (1) 

b . (1). *301-21 . D b :. Hp . a e NC ind . S^ 1 * S. D : S-” W K S . S“ +1 = S a \8: 

[*371-15] DiS^’e^O.Sv^ (2) 

b. (2). *373-55. Db:.Hp.D:a + 0.a O . S‘ +1 e . D . S“ e (3) 

b.*371-16. Z>b:Hp.D.Se* 0 (4) 

b . *3012 . *1314 . D b : Hp . D . > 1 (5) 

b . (3) . (4). (5). *372-17 . Z) b . Prop 
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*3736. b : tc eFM cycl subm . v e NC ind — t‘0 . D , g ! v K n $ (S v = I K ) 
[*373'46'56'5 . *261*26 . *372*11] 

*373-61. b : Hp *373-6 . D . ^ n S (S* = 4) e 1 [*372-28 . *373*6] 


*373-62. b : Hp *373 6 . S e v K . & = 4. D . 

>$ e ( I K) v) . PotbS' = P ( P v = 4) a (/c u Cnv“tf) 

Dem. 

b . *37:3-55-56-61. D b : Hp . D . £e(4, v) (1) 

b . *373-56-54 . D b : Hp . R e (4, v) n . T = max ( T4)‘Pot‘P . D . 

[*372-28] D.S=P.RePot‘P. 

[*13-12] D. Re Pot'S (2) 

b . *373"33 . D b : Hp . R e (4, fi) n . R v = 4. D . (g-r) . v = fir (3) 

b . *372-19 . D b Hp .D = fi T .D . S T € fx K . 

[(2)] 3.RePot‘S T (4) 

b . (3). (4). D b:Hp (3). D. .RePot'S (5) 

b . (1). (2). (5) . D b . Prop 


*373 63. b : k e FM cycl subm . v e NC ind — t‘0 . D . 

p (P* = I K ) n( K v Cnv“*) = Pot ‘(iS) (Sev K .S v = I K ) [*373*61*62] 
*37364. b : k e FM cycl subm . i/eNC ind — i‘ 0 . D . 

Nc‘{P (P* = 4) n { K u Cnv“*)} = 1 / [*373-63-5] 



*374. PRINCIPAL SUBMULTIPLES. 

Summary of *374. 

In this number we prove for any vector what was proved for I K in *373, 
namely that, if v is any inductive cardinal not zero, and R is any vector, 
there is just one member of v f whose yth power is R. This one we call the 
“principal ” vth submultiple of R. The proof of its existence is as follows. 

Assume R is a non-zero vector, and Q is a yth submultiple of R. ( Q exists 
provided we assume that k is submultipliable.) Let T be the principal yth 
submultiple of I K< whose existence has been proved at the end of *373. We 
wish to prove that there is a vth submultiple of R which is a member of v K . 
By *372 33, Q is a member of v K if TW K Q. But if QW K T, then T must have 
a last power T 9 such that QW K T 9 , and for this value of o* we shall therefore 
have T 9+l W K Q, (We cannot have T 9+1 = Q, because if Q were a power 
of T, we should have Q v = I K , whereas by hypothesis Q* = R.) Now if 

T 9+1 W k Q . QW K T 9 , the vector T 9 \Q must be less than T, i.e. we shall have 
TW K (T 9 \ Q), and therefore T a j Q will be a member of v K) by *372*33. More¬ 
over since T ¥ ~ I we have (T 9 1 Q) v = Q v = R by hypothesis. Hence T 9 1 Q is 
a vth submultiple of R and a member of v K . In virtue of *372*28, it is the 
only wth submultiple of R which is a member of v K . Thus the existence of 
the principal i/th submultiple of any vector is proved, assuming the family 
concerned to be cyclic and submultipliable. 

We prove also in this number that v K consists of all non-zero vectors 
not greater than the principal vth submultiple of which is therefore the 
greatest member of v K ; that is, we have 

*374*21. h:«6 FM cycl subm . D . v K = ( W k )#‘(iR) (R e v K . R v = /«) 


*374*1. h >c e FM cycl. R, Q e /eg . Q" = R . T e v K . T* = I K . D : 

TW K Q^.Qev K [*372*33] 

The above hypothesis is not all necessary for the conclusion, but is 
adopted because it gives the construction with which we shall be con¬ 
cerned. 
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#37411. H : Hp$374'l. QW K T. D . (go-). T°+'W K Q .QW K T* 

Dem. 

V . #301-504-3 . D V : Hp . o- e NC ind . D . Q + T° (1) 

K *373 62-5. Dh:Hp.D.Pot ‘Tev. 

[#261-26] D. E! min (^‘(PoPPr* W K ‘Q) (2) 

h. (1). (2). #372-1 . DK Prop 


#37412. 

Dem. 


H : Hp*37411. P"* 1 . QW K T°. P = T*\Q .0 . P ev K 


h. #371-2316 

[#371-25] 

[Hp] 

[Transp.Hp] 

[#372-33] 


D h :. Hp . D : P e . T a e \ 

D:PW/r .D ,P\T*W k T*+'. 
1.QW k T' + 'i 

D : PIP* P : 

D : Pe v K :. D h . Prop 


#374*13. h : « e P# cycl subm . P e k s . D . (gP) . P e y* . P" = P 
Dem. 

H . #374-1 . D H Hp *374*1 . PIP.Q. 3 .Qev K .Q v = R (1) 

h .*37412 . D h : Hp*37412. D . P e y*. P* = P (2) 

h . (1). (2). *37411. D h : Hp*3741 . D . (gP) . Pey*. P* = P (3) 

h . *373-6 . D h : Hp . D . (gP) . Pev* . P-^7* (4) 

h . (3) . (4) . D h . Prop 


#374*14. h : k e FM cycl subm .Rck\j Cn v“tc . D . (gP). P ev K . P* = R 
Dem . 


h . *374-13 . *373-6 . Dh: Hp . £e/c a . P = P. D . 

(g T,Q).T t Qe VK .T'' = I K .Q<' = S.R = S. 
[*372-27] D . (gP, Q).T,Qev K .TW K Q. (Q \Ty = S = R. 

[*37l-16.*372-33] D . (gP, Q). T, Q e v K . Q \ Te v K . (Q \ Ty = R ( 1 ) 
h . ( 1 ). *374-13 . *373-6 . D h . Prop 

*374"2. h : re e FM cycl subm .iJe«y (Jnv“/e . D . j;,nP (P” = P) e 1 
[*37414. *372-28] 

*374*21. h : * e Pilf cycl subm . D . y* = ( JP*)*‘(iP) (R e v K . P" = /«) 

Dem. 

h . *374-2 . D h : H£ . D. EI (iP) (R e v K . R* = /*) (1) 

h.*372-33. D h : Hp. Pey*. R* = I K . D . 0P K )*‘P C y* ( 2 ) 

h . *372 152 . D (- : Hp . R e y*. iP = /*. P e y* . Z> . P- ( IF*)* P- . 
[*372-27] D.P(IF*)*P ( 3 ) 

h . ( 1 ). ( 2 ). (3) . D h . Prop 



*375. PRINCIPAL RATIOS 


Summary of *375. 

In this number we define a relation (fi}v) K , which is contained in 
{pjv) £ Kt*, but has the advantage of being one-one, and of excluding (pj<r) K 
unless fijv — pj<7. The relation (p)v) K is defined as hol.ding between R and S 
when the principal jith submultiple of R is identical with the principal vth 
submultiple of S> i.e. we put 

*37501. (nlv) K = RS {(ftT) .Tep K rsV'.R=T*.S=T'} Df 
(Here p K r\ v K — p K if p ^ v, and = v K if v p, by *37215.) 

The properties of {pjv) K result from *374‘2. We find that, except when 
fji—v = 0 or f ^ = 0 , 

= .(/*/*). (*375-27). 

a^). = * W Cnv“* (*375141), 

and DV/i/). = (WJ*‘(pjv) K ‘I K (*375-22). 

The principal i>th submultiple of S is (1 lv) K ‘S, and its /u.th power is 
(plv) K ‘S. Also we have 

(1 /pV(l/v) K ‘S = (1/pvVS (*375-15), 

Nev K .D* (1 fpyN e (p v ) K (*375-16), 

W")- = (Wl)« 1 (*375-2). 

The propositions 

WO. I (ph)* = W" *. p/ a )- 

and MvVS] I (( pl*).‘R} = +. PfrVK 

do not hold without limitation. The former requires either 
p ^ v . v . cr p, 

or that the converse domain should be limited to 

(W&WpVI'. 

i.6. to D‘(cr jp) K . 

The latter requires either 

pjv +* pftr <r 1 /1, 

or R €<l‘(p/v +,p)<r) lt . 

* Except in the trivial case when /* = 0 . p = 0 . In this case, = A. but (pjr )« = !* + 1 *. 
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*375-01. (fifv) K = RS{(RT).Tep K n Vie .R=T».S=T''} Df 

*3751. h : R (n/v) K S. = . (gT ). T e p K rw K . R = , S = T v [(->375-01)] 

*37511. h : kcFM cycl . p,v e NC ind — CO O . {p/v) K € l —► 1 

Dem. 

h . *372-28 . D 

H:Hp.i2e«wCnv“*.r, Tf 6 n v K . E = ^ = TT* . D . T= W (1) 
h . (1). *375-1Oh: Hp . R (fijv)* S . R {pjv) K S' . D . S = tf (2) 

Similarly h : Hp . R {p/v) K S . R! (p/v) K 8 O . R= R' (3) 

h . (2) . (3) O h . Prop 

*375 - 12. h : tee FM cycl . ~(^.= v — 0). 3 . (fijv) K G (/t/v) £ K i [*37033] 
*375-13. h . {vjp) K = Cnv‘(pj v ) K [*375-1] 

*375-14. I fi^v . k€ FM cycl subm . D . D\pjv) K = k v Cnv“/e 
[*374-2. *372-15] 

*375-141. h : n < i/. k e Fif cycl subm . D . d'O*/*)- = « w Cnv«* [*375-13-14] 
*375*15. h : k € FM cycl subm .Seiev Cn v“k . p, v e NC ind — l‘0 . D . 

(l/p)« < (l/*')« , '^= (1/P*')«‘» sr 

Dem. 

h. *375-14. D I-: Hp. =>. EI (l/p)/(l/i/) K ‘S . E! (1 /pv) K ‘S (1) 

I- ■ (1). *375-1. D h Hp . D : M = (\j P y{\jv)Y8 . = . 

{^N).Nev K .Mep K .N^8.Mo = N (2) 
h . (1). *3751. D h :. Hp. D : M = (l/pi,)^. = . Me(pv) K .M^ = S. 

[*372-19] D . M e p K . M* e v K . (M»Y = 8 . 

[(2)] D.jf=(l/pV(l/ 1 -VS (3) 

h . (1) . (3) O h . Prop 

*375151. h : k e FM cycl. Ne v K . D . N= (l/v) K t N v [*375 1] 

*375-16. I-: k e FM cycl subm . e i> . p e NC ind ~ CO O . (l/p)/^e ( pv) K 

Dem. 

h .*37515 151 O h : Hp O . {lfp) K ‘N = (l!pv) lc ‘F v . 

[*375-1] D . (1 f P yN € (pv) K Oh. Prop 

*375-2. h : k e FM cycl . p, v e NC ind - CO O . (pfv) K = (p/1), \(l/v) K 

Dem. 

h . *375-1 Oh:. Hp .D : R [(ji/l) K | (l/v)*} S. = . 

(gT ). Te p K r> v K . R = T* . S= T v :.D b . Prop 
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*375-21. b : /c e FM cycl subm . 3 ! (pjv) K r\ (p/ a) x . D . pjv = p/cr 
Dem. 

b . *375-1 . D b : Hp . P (^jv) K Q. P ( i0 /*) K Q.D. 

{’3_S,T).Sep K r>v K .Tep K r>cT K .P = S»~ri>.Q = S'' = T'' (1) 

b . (1). *374-2 . *375-16 . I) b : Hp (1). D . (g R, S, T ). 8 e p* n v K . 

Tep K na K .P = 8^^T^Q = 8 v =T-.8=R^.Re{p<7) K n{va) K . 
[*301’504] D . (gii, S, T). S e p K n v K . 

T e p K r\ <t k . R e (jmt) k r\ (v<r) K . P — 8* — T 9 = R*** . Q = S v = T* = R va . 
[*372-28] D . (gE, S, T). 8 e p K r\v K . 

T€p K n<r K . Rein*)* n {v<r) K . P = S» = T? = R^ . T = R* . 
[*301-504] D . (gE). R e (pa) K n {vp) K . R vp = R^ (2) 

b.*372-2.(2).Db:Hp(l ). pa^vp.O . p<r = vp (3) 

Similarly b : Hp (1). vp ^ pa- . D . pa '= vp (4) 

b . (3). (4). D b : Hp . D . pa = vp : D b . Prop 


*375 22. b : k e FM cycl subm . p ^ . D . D‘(pyV) x = ( W *)* i W l/ )* < I K 
Dem. 

b. *375-1 . D 


b Hp .D i Re D t (pfv) K . ~ 
[*372-15.*21-2] = 

[*374-21] = 

[*372-27] = 

[Hp] 

[*3751-11] == 


(gS, T) .Tep, K r\ v K . R-T*. S= T v . 
(rT).T € v k .R=T». 

(gS, T).Sev lc .S v = I K .S(W K )* T.R = T». 
(gS, T) .8ev K .8 v = I K . S*(W K )*T* .R=T*. 
(g S).8ev K .S'> = I K .S»(W K )*R. 
{(pj v )Pl K }(W^R:.Dh.Fv op 


*375-221. b : k e FM cycl subm .p^v.D. <J‘(pfv) K - (TP K )*‘(i>/A i V-*« 


*375-22 ^.*375 13] 
}l,V J 


*375"23. b : k€ FM cycl subm p, v e NC ind . ~ (p = v = 0). D . g ! (pjv), c 
[*375 14141] 

*375-24. b : k eFM cycl subm . (p/v) K = {pjcr) K . D . pjv-pja [*375-21-23] 
The cases when we do not have /a, v, p, 0 -e NC ind — CO require separate 
treatment in obtaining *375-24, hot they offer no difficulty. 
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*375*25. hue FM cycl subm . p Prtn tr . p/v = p/tr . D . (p/v) K = (p/tr)* 

Dem. 

h . *303 39 . *302*35 . D I-: Hp . D . (g-r). p = pr . v = ar (1) 

h . *372*19 . D h : Hp . p = pr . v — ar . T e p* r\ v K . R= T* . S = T v . P = T r . D . 

P e p K r\ cr K . R = P p . S = P* (2) 
h.(1). (2). *375-1 . D h : Hp . D . (p/v), G (p/tr), (3) 

h. *375*15. => 

h : Hp (1 ). p, = pr . v = <rr . P e p K r\ a- K . R = P p . S — P^ . T=(l/r) K t P . D . 

Tep K r>v K .R = T*.S=T* (4) 

I-. (1). (4). *3751 . D h : Hp . D . (p/tr), G (p/v)*, (5) 

I-. (3). (5) . D h . Prop 

*375 26. h : /c e FM cycl subm . ~ (p = v = 0) . ~ (| = r) = 0). p/v = %ji ). D . 

(p,! v), = (%Iv)k 

Dem. 

b . *303*39 . *302*34 . D 

b : Hp ■ p, v, £, 7/ e NC ind . D . (gp, tr). (p, tr) Prm (p, v). (p, tr) Prm (£ t?) . 
[*375-25.*303*211] => . (gp, tr). (pJa) K = (pjv ) K . (p/tr), = (£/*?),. 

[*13-171] D. (p/v), = (p/o')* (1) 

h. *375*1. *303-11 14182.D 

b : Hp . ~ (p, i/, £ v ) e NC ind . D . (p/v), = A . (p/tr), = A (2) 

b . (1) . (2) . D b . Prop 

*376*27. h :. k e FM cycl subm . ~ (p = v = 0). ~ (£ = rj = 0) . D : 

pjv = fa . h . (p/v), = (*/*). [*375-24-26] 

*375*3. h : /c c FM cycl subm . p, v, p, tr e NC ind — i e 0 . D . 

(p/v) K j (p/<r), G (pp/vtr), 

Dem. 

V . *375*1 . D h : Hp . P (p/v), Q. Q (p/tr), R . D . 

<g£, T).Sep. K nv K .P=S» .Q = S y .Tep K no- K .Q=T p .R = T ,r (1) 
(-.*375141*15 . D 

I-: Hp . 5 e p, n v,. P = 8* . Q = S'-. Te p K n tr, . Q = T p . R = T" . 3 . 

(gilf). i/ = (1 /p),‘£. P = M™. Q - M vp = T p . R = T*. M e (pp),. 


[*372-28] D . (gM). Af e (pp)*. P = .T=M V . R = T" (2) 

(- • (2). *375-1. D I-: Hp (2). pp > vo-. D . P (pplva\ R (3) 

I- ■ (1) ■ (3). D h : Hp (1). pp > vo-. D . P (jip/vtr), R (4) 

Similarly b : Hp (1). vtr ^pp. D . PCpp/vo*). P (5) 

b . (4) . (5). D h . Prop 
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*37531. V:. ice FM cycl subm . p,,v,p,a e NC ind— t‘Q : p, ^ v . v . a ^ p : D . 

(pp{va) K = (p/v)* i OM* 

Dem. 

If P {ppjv<j) K P, we have 

(ftilf) . M e {pp) K n (rtr)* . P =»= Jlfw . P = if 1 ' 1 . 

The result follows by putting Q= M vp , 

Without the hypothesis p^i> .v .o-^ p, we have 

( ppjva^R = (fijvyipja^R, 

if R is sufficiently small to ensure (l/vcr)/P e (vp) K , i.e. if 
(<rlp) K ‘l K (W K )*R, 

i.e. ir ReQ i {pja) K . 

*37532. h : « e FM cycl subm . pjv +* pja <l r 1/1 . Re kv Cnv f ( k . D . 

{(h!v) k ‘R\ j {(p/a-VR) = {(p/v + S p/(T) K ‘R} 
The proof-follows immediately from the definitions. 

The same result follows, without the hypothesis pjv -f g p/<r < r 1/1 pro¬ 
vided R is sufficiently small to ensure 

(1/i/cr ) K ‘R e (pp -f v<t) k , 

i.e. R e d‘(plv pi <r) K . 



